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The Association is not responsible, as a body, for the facts 
and opinions advanced in any of the papers or discussions 


published in its proceedings. 
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THE ROLL OF HONOR 


VOL. 6 MARCH, 1919 


The American Water Works Association has reason to feel well 
satisfied with the part its members have taken in the work of win- 
ning the Great War. Our Roll of Honor speaks in the language of 
Patriotism. Our Engineers have constructed the pipe lines and 
supply works providing water for our armies and for the canton- 
ments, arsenals, and housing projects. Splendid work—valuable 
beyond estimate—has been done by our Chemists and Bacteriol- 
ogists in the field, under most difficult and heartbreaking circum- 
stances, and in the camps abroad and at home. 

We cannot do enough to honor the men who have sacrificed so 
much to do their patriotic duty and we look forward to the time 
when we may meet with them and hear the stories of their achieve- 
ment. CHARLES R. HENDERSON. 
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“THE TENDENCY TO WANT SOMETHING NEW 


An antique or a novelty awakens immediate interest. The 
nearer an antique approaches the field of archaeology, the wider is 
its range of interest, probably because it thereby becomes a novelty 
to an increasingly large circle. The appeal of something new evokes 
a response in mankind at an early age and manifests itself thereafter 
in various forms and degrees. More or less acute recollection will 
doubtless attest the universal popularity of a new girl in a small 
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town, or in a small section of a large town, the size being limited 
only by the zone of operations of the girl. With due apologies for 
mentioning a girl and an antique in the same paragraph, there are 
certain practical lessons to be drawn from this tendency to want 
something new. 

The symptom sometimes shows itself in decreased interest in 
keeping a certain apparatus at a maximum pitch because a desired, 
but perhaps unattainable device, is supposed to be capable of yield- 
ing a little better result. The wish for the new article may be the 
starting point for extended inefficiency, the excuse for which is 
hidden in the appeal for the wished-for appliance. Visiting opera- 
tors are liable to return to their own plants with a predominating 
impression that either they have seen certain machines better than 
any they possess, or else that they possess better machines than 
any they have seen. 

Perhaps there has not been sufficient emphasis placed on the 
standards which should govern the determination of whether to 
purchase or not to purchase a new article. Possibly we should 
deny ourselves a change until we can conscientiously say that we 
are already obtaining the utmost out of what we now possess. Such 
a standard might have interesting results on the operating force 
as well as on the manager or superintendent. 

There must necessarily be various standards of achievement, but 
high rank belongs to the one who has made the best possible use of 
the appliances at his disposal, irrespective of the actual returns 
when compared with those from other appliances. In papers, dis- 
cussions and publications, there is a tendency to give prominence, 
perhaps undue prominence, to the new things. A feeling of natural 
pride dictates this course and a similar feeling of natural reluctance 
retards the presentation of accomplishments with old and so-called 
out-of-date equipment. In these days ninety per cent of every- 
thing is out-of-date, and an improved appliance is on the market 
before an original has the paint worn off. 

Invention and progress must needs be, but the inclination toward 
such ends can be over-developed along the mechanical rather than 
the human side. Labor is to be more costly than ever, but labor- 
saving efforts may produce large returns if directed towards better 
utilization of existing equipment through minds influenced to feel sat- 
isfied with such equipment, within, of course, reasonable limitations. 
Carueton E. Davis. 
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get WATER WORKS CONSTRUCTION AND UNEMPLOYMENT ms 


‘aoe Six months ago scarcity of materials and labor and restrictions 
on capital issues made the execution of new works for improving 
water supplies something which the superintendent viewed with 
apprehension. Today managers of public works departments of 
every nature are being urged to carry on construction to the utmost 
of their ability. The closing down of war industries and the demo- 
bilizing of the army have produced the excess of labor which every 
one knew was coming but for which no real public provision was 
made. These problems have been under consideration for two 
years in France and England, where the labor conditions are con- 
sequently much better than here. They will remain bad here, in 
all probability, until men skilled in economics rather than in oratory 
or journalistic agitation are placed in charge with power to act. 
Meanwhile the water works superintendent is called upon to help 
out in a time of national strain by doing things which he knows are 
worth while in some cases and are unjustified in other cases. 

Relief work is not a new thing to some members of this Associa- 
tion. They know how it demoralizes their permanent force if it is 
conducted improperly and how painfully swollen are the cost records 
of construction performed with men unaccustomed to the work. 
Experience shows that when relief work becomes necessary in order 
to meet the problems of unemployment, the best results are ob- 
tained by keeping it apart from other work so far as possible. Some 
very ridiculous statements are being fed to the papers by publicity 
bureaus whose employees know nothing about laying pipe, erecting 
pumping stations or constructing reservoirs. The public is asked to 
believe that anybody can do these things provided somewhere about 
the scene there are some blueprints with an engineer to give a tech- 
nical tone to the picture. The real difficulties of relief work are not 
even sensed, much less comprehended, and these earnest, ignorant 
enthusiasts would be shocked to know that in some cases it would be 


rather than use them on work where experience is needed. 

Where a superintendent anticipates that he will be called upon to 
furnish relief work for the unemployed he will usually find it best to 
make it an independent part of his program, so far as practicable. 
The last few years have been lean ones and there are many improve- 
ments to be made and a great deal of repairs to be undertaken. In 
most departments appropriations have to be stretched almost to 
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the breaking point to complete the really essential things with 
trained gangs. These undertakings have been planned for a long 
time, as a rule. Some of them are essential and others are very 
desirable. How shall they be carried out and at the same time take 
care of citizens out of work? Experience has shown that by form- 
ing new gangs, with a few old hands in each but with the greater 
part of the men green, progress will be slow and costs heavy. There- 
fore, as a rule, the essential work of the department should not be 
allowed to become relief work, except under unusual conditions. 
This essential work should be carried on by the regular water works 
gangs, built up to the highest possible condition of efficiency, not 
only because it is desirable to get the work done as quickly as prac- 
ticable but also because the orderly progress of this work will afford 
some measure for determining the extent of the disorder of the other 
work, 

Relief work ought to be called relief work and not camouflaged 
under any other name. It is no reflection on a workman that 
unemployment has made it necessary for him to sell his labor to a 
public department, but it is a big reflection on the skill of a super- 
intendent and his foremen to have against his name excessive costs 
and great delays without an accompanying explanation that they 
were due to working men not familiar with such labor. The records 
of relief work in some cities in the past are records of failure unless 
explained, but when explained they become records of successful 
accomplishment under unusually trying conditions. It is heart- 
breaking for a superintendent to find every job lagging because of 
the inexperienced men on it; his foremen lose heart and finally he 
gives up trying to accomplish the impossible. But it is a very 
different thing if his relief work is concentrated where it has the 
best chance of success, where everybody concerned knows that prog- 
ress will be slow until the men are taught their duties and the slack- 
ers are weeded out, to be handled by the special charity organiza- 
tions which attend to such cases. The foremen in charge of such 
work should be specially selected for their tact, knowledge, common 
sense and firmness, in order that the unaccustomed work may not 
be made needlessly hard for the men, that shirking shall not go 
undetected and that loafing shall be dealt with vigorously when a 
chronic offender is found. Such foremen will make the raw workers 
respect their job and try to approach the records which the seasoned 
crews of the department are making. ma 


A. W. CuDDEBACK. 
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PUBLICITY IN WATER WASTE PREVENTION WORK 


_ During the war period, the attention of the American public was 
directed more markedly than ever before to waste, and an appeal 
made to eliminate, as far as possible, all forms of waste. The waste 
of water supply was studied by the federal government agencies, as 
well as by the state and municipal authorities. Appeals were 
made through notices in the public press and through circulariza- 
tion of water works officials. A brief outline of this subject from 
the viewpoint of a municipality, with an illustration of what the 
city of New York has undertaken, may be of interest. 

When a municipality undertakes to reduce the waste of water, 
the usual practice involves the discovery and stoppage of leaks, both 
in street mains and in plumbing and water fixtures within the build- 
ings, various methods being adopted depending upon the local 
conditions. Such efforts may or may not be supplemented by a 
publicity campaign. If such campaign is undertaken, the public 
press affords the easiest means of communication between the water 
department and the consumer. Such an avenue of communication 
is open, however, only when the water situation is such as to give a 
news value to the articles that may be published. Where there is 
danger of serious shortage in the water supply if waste be not cur- 
tailed, then the press will actively support the water department 
in its effort to warn the consumers. Where the saving of waste is 
purely an economic question, the press shows but scant interest. 
The water department always has available the circularization of 
its consumers. This can be accomplished either by a special bulle- 
tin, or series of bulletins, delivered to the consumers, or by notices 
attached to the water bills. Both circulars and notices on bills may 
be effectively employed. 

The subject and form of the appeal are both important. The 
reasons set forth why consumers should reduce waste vary, the 
more usual reasons being: 

a. To avoid a shortage in the supply or a ‘‘ water famine;” 

b. To save labor, fuel and other operating expenses where pump- 
ing is necessary; 

c. To postpone the construction of new supply and delivery works; 

d. To increase pressures through reduction in frictional losses. 

By carefully selecting the points which would most strongly 

| appeal to the audience to be addressed, and by presenting these 
points tersely, the appeal will be made to strike home most effec- 
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a let water ran longer than absolutely 


DON’T try to keep milk cold by running water 
over it. Put it in a pail of cold water 


DON’T turn the faucet on and forget it. Turn 
it off as soon as you are through. 


_ DON’T turn the faucet on so as to give you a 


wed 5 larger stream than you need. 


a DON’T have leaking fixtures. If you hear a 
continuous noise from the water pipe, water 
is wasting somewhere. Find the leak if you 
can, and fix it, or notify your landlord. If 
he does not fix it at once, notify this depart- 
ment. 


_ DON’T let the water run in the winter time to 
prevent it from freezing, unless absolutely 


necessary on very cold nights and then only 
run a small stream. Protect the water 
pipes from frost. 


IF YOU SEE any water wasting from roof 
tanks, from hydrants, or from any other 
cause, notify this department at once. 


Remember This! 


; oh costs millions of dollars a year to furnish 
you with pure water. One of the duties of 
the department is to prevent waste of water. 


IT IS YOUR DUTY to co-operate with this 
re vi department. When water is wasted, your 
- money is being wasted. DON’T FORGET 

THAT! 


Te report water waste, telephone: 


BManhattan - 
Brooklyn - Main 3980 
Bronz - Tremont 3400 
Queens - Hunterspoint 3500 
Richmond - Tompkiasville 840 


Water Waste 


«Mr. Rentpayer: 


«Mr. Taxpayer: 


READ THIS, THEN SEE 
THAT EVERY ONE IN 
YOUR FAMILY READS IT 


Issued by 


Department of Water Supply 


Worth 4320 CITY OF NEW YORK 
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Why the Department of Water Supply, Gas and Electricity 


-_ _ Has Undertaken a House to House Inspection to 
STOP WASTE #& WATER 


'LLUSTRATIONS OF WATER WASTE 


Be 


1S 000 GALS 


figures gwen under faucet represent the 


Do You Know? 
HALF A MILLION leaky fixtures are within 
buildings in New York City. 


ONE HUNDRED MILLION gallons of water 
are wasted every day from those leaky 
fixtures. 


FORTY THOUSAND tons of coal will be used 
every year to pump this wasted water. 


THREE-QUARTERS OF A MILLION dollars 
will be spent annually to supply this 
wasted water. 


ONE-THIRD of the total supply from the new 
Catskill system is wasted. 


TWO-THIRDS of the total supply from the new 
Catskill system are not enough for our 
legitimate needs. 


ad 
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131,000 GALS 788000 GALS 
617 


1576000 GALS 


INSIDE PAGES OF WASTE PREVENTION CIRCULAR 


WHat LEAKS ANDO CARELESSNESS CosT 


2.890000 GALS 
$385 


6000000 GALS 


210 800 


annual Flow of water. and its value af meter rates 


What House to House 
Inspection Will Do 


STOP LEAKS in one hundred and sixty thou- 


sand buildings. 
SAVE four-fifths of the cost of pumping. 


SAVE the coal and labor required to pump 
wasted water. 


INCREASE the water pressure throughout 
the city. 


REDUCE your taxes. 
REDUCE the annual deficit of two million 


dollars in the city’s water business. 
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tively. Illustrations are a great aid in attracting the attention of 
the consumer and securing his consideration of the printed matter 
presented to him. 

Publicity is essentially educational. Its object is to inform the 
group addressed of facts with which they are either unfamiliar or to 
which they have failed to give sufficient attention. The water 
department furnishes an absolutely essential daily need for each 
person in the community. All members of the community should 
have reliable information in reference to the water supply and be 
interested therein. 

The actual reduction in consumption of water which is accom- 
plished through a publicity campaign is usually small, except where 
it is anticipated that a serious shortage of water will result if waste 
be not checked. In 1910-1911, in the boroughs of Manhattan and 
The Bronx, such a condition threatened and a publicity campaign, 
which was vigorously pressed, netted a saving which has been esti- 
mated at some 25,000,000 gallons daily. This, however, is the most 
striking instance in the history of the New York water supply, of a 
direct reduction in consumption accomplished through publicity 
work. At the present time the New York City water department 
is endeavoring to reduce waste of water from a purely economic 
viewpoint. There is ample water available to meet both reason- 
able use and waste. To furnish such water it must be pumped at a 
cost of approximately $25 per million gallons. The method adopted 
to curtail waste is that of house to house inspection to locate and 
stop plumbing leaks. It is estimated that there are nearly half a 
million of such leaks within Greater New York, and that, through 
the employment on this work of some 100 inspectors daily, all 
premises can be examined once a year and waste checked that 
would otherwise amount to some 60,000,000 gallons daily. The 
publicity side of this work consists in delivering to each family a 
copy of a circular which is reproduced herewith. A least a million 
of these circulars are to be distributed by the inspectors as they 
examine the various premises. It is also proposed to deliver a 
circular with each water bill. In this way the citizens of New York 
will be informed of the reason for undertaking a water waste pre- 
vention campaign and their co-operation in securing the desired 
results will be quickened. 
W. 


W. Brusu. 
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SYSTEM! 


MODELS OF STRUCTURES IN THE CATSKILL AQUEDUCT | - 


‘al 


The Catskill water supply system has a number of complicated _ -_ 
a 


structures along its length of 120 miles. It was considered advisa- — 
ble to make models of certain types of these structures to serve _ 


not only as an aid to the operating force, which had nothing to do 
with the design or construction of the Catskill supply, but also as a 
means of enlightening the public and the engineering profession on 
some of the latest developments in water-supply engineering. 

Moreover, since there occurs at times a reorganization of city 
departments with a change in administration, together with the nor- 
mal changes in the personnel engaged on publie works, these models 
will prove of special value to newly appointed heads and their 
subordinates in charge of operation and maintenance. 

A large number of drawings were necessary for each of these com- 
plicated structures. In the case of the waterway and drainage 
Shaft 21 of the city aqueduct tunnel, figure 1, there were 85 con- 
tract drawings and 220 working drawings. Many of the features 
are either submerged or buried in concrete and consequently will be 
accessible rarely, if ever. To obtain a general conception of the 
construction and operation from plans involves a great expenditure 
of time and effort even for an engineer. The models succeed in 
giving a rapid and comprehensive idea of the construction and 
functions. 

The scale of the models, } inch to the foot, precluded the possi- 
bility of showing all the details of the drawings. However, all 
features essential in the construction and operation were brought 
out. This was accomplished by means of hinged sections or other 
suitable devices. Loose parts, susceptible of being lost or misplaced, 
were avoided. No uniform method of construction could be 
adopted, as each model was of a different type. The accompanying 
illustrations show a few of the models as built. 

‘Prepared at the request of the Committee on Publications by the Engi- 
neering Bureau of the Board of Water Supply, New York City. The mod- 
els were exhibited at the meeting of the New York Section, October 16, 1918. 
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10 MODELS OF THE CATSKILL AQUEDUCT SYSTEM 


Fic. 1. or SHart 21, Ciry Aquepuct TUNNEL 


Showing riser pipe, riser valve, valve chamber, superstructure, explana- 
tory tablet and method of unwatering the pressure tunnel. This model has 
22 hinged sections. 
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Fig. 2. Mopet or Suarr 18, Crry Aquepuct TUNNEL 


Showing a typical section valve shaft, with riser pipes, riser valves and 
valve chamber. This model has 20 hinged sections. 
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sect 9. 


Fic. 3. or ASHOKAN LoweR EFFLUENT CHAMBER 
Showing the superstructure, operating floor, upper and lower special , 
aqueducts, aerator pipes, passageways to gate wells, ete. There are 19 sec- 
° 
tions in the main body of the model. = 
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ASHOKAN 
CATSKILL WATER 


4. or AsHOKAN LoweR EFFLUENT CHAMBER 


Showing all the sections in place and ready to receive the housing enclos- 
ing the upper portion of the model. 


Fic. 5. or A Section or Cur-anp-Cover AQUEDUCT 


Made in connection with a contractor’s claim. It has 12 removable parts 
fitting into the body of the model. 
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414 MODELS OF THE 


CATSKILL AQUEDUCT SYSTEM 


All the models are made of wood, with the more delicate portions 
of metal. Hard woods, such as walnut, birch and cherry, were 
used in the interior of the models where rigidity was essential. 
Clear white pine was used for parts not likely to receive hard usage 
and mahogany or cherry for the exterior casing. To reduce check- 
ing and deformation, thoroughly seasoned wood was selected. The 
interior of the models received three to four coats of paint, contain- 
Different materials were represented by 
reference numbers, 
When closed, 


Each model 


ing a minimum of drier. 
distinctive colors. All 
explained on an etched plate fastened to the model. 
the exterior casing protects the interior from injury. 
can be locked and is opened by a Board of Water Supply master key. 
Owing to the intricacy of the work and the numerous plans, the 
correlation of which required an intimate knowledge of water-supply 
engineering, it was realized that even an expert model-maker could 
not be expected to furnish models which would accomplish the aim 
desired, to show at a glance the location, shape and functions of 
Assistant 


features were given 


inaccessible ‘portions of the work. Engineer Herman 
Goldberg was therefore assigned to design and supervise the con- 
struction of the models. and it was due to his very painstaking work 
that such good results were obtained. There were involved the 
reconstruction of the entire structure in wood and the providing of 


movable sections which, when opened, disclosed otherwise invisible 


parts. 

The general procedure was as follows: A cabinet-maker built the 
framework, supports and casing and prepared from dimensions — 
furnished him the wood upon which the assistant engineer drafted 


The wood was then turned over to the 
The work | 


the details of the plans. 
pattern-makers, who executed the intricate portions. 
was done at a pattern shop and was contracted for on an hourly 


basis, an allowance being made for the actual cost of materials. 
Ixclusive of superintendence, the models cost from $400 to $750 each. 
They are practically the first of their kind, and were made in | 
accordance with the instructions of J. Waldo Smith, Chief Engineer 
of the Board of Water Supply, who has on many occasions stated 
his belief in the efficacy of models in working out various engineering _ 
problems. At the trial of complicated claims arising out of the 
construction of engineering works, involving interpretations of — ~ 
specifications, it has been found that models aid the court and Jury | 
to visualize the facts involved. 
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THAWING FROZEN SERVICE PIPES 
By A. W. CuppEBACK 


The communities supplied with water at retail by the companies 


affiliated with the East Jersey Water Company comprise Paterson, 
Passaic, Montclair and Clifton, with a total of 32,300 service pipe 
connections and a population of about 275,000. 
There were reported last winter (1917-18) to the companies’ 
Offices 1000 frozen service pipes, which was about 3 per cent of the 
total number. In ordinary winters the companies have, of course, 
. -* few frozen service pipes, but not enough to warrant the main- 
— taining of electrical apparatus to provide for their prompt thawing. 
Ordinary conditions were met by ordinary apparatus. The only 
equipment maintained for this work has been two or three coils of 
block tin tubing with force pumps for the purpose of thawing with 
hot water. This method is fairly effective and satisfactory when 
only a few cases occur each winter, and where the service pipes are 
installed with a straight connection to the main so that the tubing 
can be run from the meter location in the cellar directly through to 
the main. The freeze-ups during the past winter were reported so 
fast that they could not be handled with the available apparatus, 
and it was necessary to provide other more efficient and rapid means. 
First a generating apparatus was built. This consisted of a low- 
voltage generator, which was especially wired at the local electric 
works, and an automobile engine mounted on a one and one-half 
ton Sampson truck as shown in figure 1. This apparatus cost, not 
including the motor truck, about $800. The generator was capable 
of delivering about 300 amperes at from 20 to 30 volts. The appa- 
ratus took six men to handle it, and was attended by a Ford run- 
about on which were mounted reels carrying the wire to make the 
necessary connections. An average of anywhere from eight to 
twelve services per day of eight hours was thawed, and the outfit 
was worked throughout the busy period with two eight-hour shifts 
in the twenty-four hours. The generating outfit was moved around 


1Read before the annual convention at St. Louis, May 16, 1918 
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GENERATING SET wiTut GASOLINE ENGINE, FOR THAWING FROZEN SERVICE PIPES 


Fig. 1. 
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THAWING FROZEN SERVICE PIPES 17 


to the different communities in which the companies operate, and 
thus lost considerable time but, generally speaking, was very satis- 
factory and efficient. It thawed 327 services at an average cost of 
$8.20 per service. 

In addition to this thawing apparatus, one of the local electrical 
contractors rigged up a storage battery outfit on a Ford automobile. 
This apparatus was worked for seventeen days and thawed 115 


‘@ 


services at a charge of $7.50 each. 

The time taken to thaw 3-inch services averaged perhaps thirty 
to forty minutes. Where services were very old and badly en- 
crusted on the inside, it took from thirty minutes to one and one- 
half hours. Service pipes directly connected to the main without 
lead goose-necks could be thawed more quickly than where lead 
connections were used. The ordinary distribution mains are laid 

with 4 feet of covering, which perhaps gives a little more than 4 

feet covering for the services. 

Besides thawing electrically, about 150 service pipes were thawed 

by tubing and hot water. The average cost of those thawed in this 
way in Paterson was $11.34 per service; in Passaic $7.63 per service. 

This included the cost of digging to the main in the street in several 
‘instances. 

The storage battery equipment consisted of sixty 45 cells, placed 
in six trays of 10 cells each, and hooked up as shown in figure 2. 

Switches A, B, D, and EF were three-pole double-throw unfused of 
30 size. Switch F was four-pole double-throw unfused, of 60 am- 
peres capacity. Switch C was two-pole dcuble-throw 100-amperes, 
unfused. The ammeter, A’, and voltmeter, V, were connected as 
shown in the diagram. 

In charging, switches A, B, D and E are thrown down to c, and 
main switch C is thrown to right to CH. This puts all cells in 
series. With a full battery on the first jobs, C is thrown to the left, 
to T, and switches A, B, D and E are thrown up to d, and the four- 
pole switch F is in a down position at ¢’. This connection puts the 
cells in multiple series (six trays in multiple of 10 series cells each) 
giving a voltage of about 15 with a large total current flow, but low 

current rate per unit tray. i 
When an extremely long service is reached or the battery voltage 

gets low, switch F is thrown up to position ¢’, making a series paral- 

lel connection of 20 cells series to a unit, and paralleling 3 units, 


thus adding voltage, but of course increasing the drain on each cell. — 
at 
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getting a high voltage in order to break down some obstruction that 
was evidently in the way of giving a circuit. After obtaining a 
circuit it was possible to switch back to the first working order and — 
proceed with the work. 

Most of the frozen services were ?-inch pipe and it was found that — ; 
the battery could be thrown directly across the circuit, givingatotal =| 
flow of about 250 to 325 amperes, the exact amount depending upon — 
the length of the service. The usual custom was to hook on one 
lead ahead of the water meter, between it and the street, of the 
frozen service, and the other lead in a similar way to the service | 
next door, or if none was at hand, the nearest hydrant. Ina great . 
many cases the services of two adjoining houses were frozen up, : 
and then it was possible to thaw both simultaneously. 

It was found that 1{-inch pipe was too much for the equipment, — 
but I-inch was possible, although it took quite some time. The 
lengths varied from 60 feet up to 100 feet. These lengths nearly “1 
always included the main in the street, varying from 20 to 150 
feet. With this equipment, it was not necessary to use a controlling | 
rheostat, as the current was never too high, per cell, in fact very | ‘ 


seldom rose over 50 amperes. 

These cells were from an electric roadster purchased in 1914 oval 4 
driven over 8000 miles, but they had been standing idle for the past 
two years. They were overhauled and put in service at thawing | 
immediately. 

It is hard to give the time required to thaw out a 3-inch pipe, for— 
this always depended on the degree of ice in the particular pipe. 
Some took only four minutes, others one and one-half hours, the — 
latter for l-inech pipe, but some 3-inch services took as high as one | 
hour. Heat was evident in all ?-inch jobs in about three minutes. — 
The total time after this for complete thawing depended on the > 
condition of the interior of pipe. 

A short length of 0000 cable was used, about 50 feet, and about — 
150 feet of No. 2 duplex, twisted together for leads, thus permitting © 
the outfit to stand in front of the job to be done. The advantages 
of doing thawing work this way, with a battery equipment, espe-_ 


cially for inside house work, are the cleanliness, quickness and — 
entire absence of danger of fire, as compared 

equipment. 
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EXPERIENCE IN 
HYDRANT BRANCHES AND HYDRANTS AT 
— 


By CuHarues A. WINDHOLZ 


lor thawing services, the water department built in 1914, a port- 
able, gasoline-electric, low-voltage, generating outfit. This consists 
of a four-cylinder, 43 by 6-inch automobile-type engine, directly 
connected by a flexible coupling to a 15-kilowatt direct-current 
generator. The generator is the type used in electric welding and 
cutting and will operate satisfactorily on any voltage from 10 to 50. 
It is an interpole, shunt-wound machine. The speed is kept at 
1200 r. p. m. by means of a centrifugal governor. Between the 
engine and generator is mounted a varnished 2-inch oak switch- 
board on which is placed the main cut-out switch, rheostat, volt- 
meter, ammeter, and engine controls. Two large wooden reels each 
containing 250 feet of extra-flexible, rubber-covered, 300,000 ¢.m. 
‘ables are placed at the rear of the machine. The engine and gen- 
erator, together with radiator, switchboard and reels, are mounted 
on two 10-inch channels. When desired for service, this unit is 
placed either on a sled or truck, according to the conditions of the 


weather, and is easily drawn by one team. 
ae Three men usually accompany this outfit when in service, the 


; man in charge of the machine, the driver and a helper. When the 
premises to be thawed are reached, enough of the cable is unwound 
LS from the reel to reach inside the premises, where it is connected to 
{ 


the service near the stop-and-waste cock. The other cable is con- 


nected to a nearby hydrant. Connection is then made between the 
generator terminals and the cables by inserting a plug on the end of 7 


the terminal in the socket to which the inner end of the cable is 
connected. 

The practice in this department is to disconnect the water meter 
from the service, as it is found that often the current is divided, 
part going through the service and part through the plumbing in 
the house and thence back to the hydrant through the lighting 
company’s neutral wire, gas pipes and in other ways. 
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FROZEN WATER SERVICES 


When properly connected, the engine is started and after attain- 
ing full speed, the rheostat is operated until the volt-meter reads 
approximately 20 volts, when the line switch is closed. As the load 
comes on, the voltage is increased until the ammeter reads about — 
500 amperes. The voltage required to maintain this current varies — 
from 20 to 50 volts, according to the length and resistance of the | 
service. 

The time required to thaw a service varies from two to fifteen — 
minutes; as a rule, only five minutes is required to start the water 
running. The small services in Syracuse are all of AAA lead. The © 
department has had no experience in thawing iron services. The — 
time required to make ready, thaw a service, wind up the cable, 
and get ready to move on is approximately fifteen to twenty min- 
utes, and one outfit can thaw fifteen or more services In a day if the yo 
are located not too far apart. 

The total weight of the unit is 3500 pounds and its cost was ap- 
proximately $1500. Although it was built in 1914, on account of — 
the light winters of 1914 and 1915, it was not taken out of storage =~ 
except for test. In the winter of 1916-1917 about thirty services — 
were thawed. During the past winter (1917-1918), 298 services, — 
three hydrant branches and one 8-inch main were thawed with this 
outfit. The total cost of labor, teams, fuel and repairs amounted = 
to $921.24, or approximately $3 per service thawed. 

Due to the intense cold of the past winter, the ground was frozen — 
to a depth of 4 and 43 feet. Such a large number of services were | 
frozen that it was impossible to take care of them with this one — 
unit and it was necessary to use three 220-110 volt transformer — 
units to assist in this service. This method of thawing is very — 
satisfactory, but is slower and more expensive than the gasoline- 
generating unit. For this service, the Lighting Company was — 
paid $1438.03 and the cost of trucks, teams and labor was $417.83, 
making a total cost of $1855.81, or a cost per service of approxi- — 
mately $8.50. Two 8-inch mains and several hydrant branches | 
and 207 services were thawed with transformer outfits. 

During the winter considerable trouble was experienced with | 
hydrants freezing that had not properly drained. For thawing _ 
these, a small upright boiler mounted on alight sled was found most _ 
convenient. By inserting a steam hose in the nozzle of the hydrant, 
the ice is quickly thawed and the hydrant placed in operating — 
condition. 
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FROZEN WATER SE RVIC ES 


By Joun T. 


The question of frozen services and the method of thawing them 
to restore the supply is of universal interest after the experience of 
the winter of 1917-1918. In the Borough of Queens, the depart- 
ment of water supply was wholly unprepared to meet the conditions 
resulting from the extreme cold, and the experience may be interest- 
ing to others from that point of view. 

In previous winters, a large number of services had frozen, but 
these can divided into two classes, those which froze every year 
and, after a month or so, thawed out of their own accord; and those 
which, by reason of corrosion or other cause which retarded the 
flow, froze for the first time. Only those in the second class were 
reported to the department, and investigation usually showed jus- 
tification for advising the owner that the service was defective and 
that he should enlist the services of a plumber. If such justifi- 
cation was not shown at the outset, it was possible to show that the 
main in the street was not affected and, as the trouble was in the 
service, which belonged to the owner, he was advised to engage a 
plumber, which disposed of the case. The department was, there- 
fore, relieved of the necessity of maintaining a force or equipment 
for this work, and it was only in connection with leaks resulting 
from broken services that it suffered any inconvenience from frozen 
conditions. 

Based on the number of services reported frozen and so recorded, 
together with the general flood of complaints received in the latter 
part of January, 1918, which are not recorded, it is estimated that 
about 500 frozen services were reported during the winter. This 
figure does not properly represent the total number of services 
frozen, because a great many cases which were not reported were 
brought to light through the investigation of those reported. 
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There were two cases of especial interest. One, reported ms 
April 1, had the service interrupted during Christmas week, and the ; 


other, reported April 15, had received no service since December 
15, 1917. These cases, when investigated, developed that five and 


six families, respectively, were affected; that the service froze every p 
winter, and that they were waiting for the service to resume, as it b 
had in previous years. The lines were completely corroded and new a 
lines either have been or are being provided to restore the service. 7 7 


Following the procedure of previous years, no action was taken 
by the department, beyond advising the owners to engage the serv- 
ices of a plumber or recommending that the electric company be — 
employed to thaw out the lines. This last suggestion was adopted __ 
by a great many owners and, in about a dozen instances, the serv- : 
ices promptly froze again, leaving the people without water and with _ j 


no return for the money expended, as the electric company promptly __ 
refused to do the work twice for one fee. This resulted in strenuous © 
complaints, which added to the general chaos of the situation. 

About the end of January, the commissioner instructed the engi- 
neering bureau to render to the property owners all possible assist- 
ance, and the matter was immediately taken up. It was learned 
that the electric light company was charging $27 per service to thaw 
out frozen connections, on the basis of a minimum charge of $20 for 
the use of the equipment and an additional charge for time and cur- 
rent utilized to complete the work. The plan required the owner 
to advance $27, with the understanding that a rebate would be made _ 
if the effort expended did not warrant the full charge. From the _ 
information obtained by the author it seems that the full charge 
was always found to be justified. 7 

The company used three or four gangs on this work, each consisting 
of a foreman and three linemen. A 14-ton truck was used to trans- 7 
port the equipment, made up of a transformer, a barrel of water, 
two electrodes used as a rheostat, and about 1,000 feet of heavy 
copper wire. The current was obtained from the high tension 
cables, stepped down through the transformer to a voltage of about 
40 and, with about 200 amperes flowing through the connection, 
the work of thawing was accomplished. 

Being satisfied that the price charged was not justified, an attempt _ 
was made to hire one outfit and gang from the company on a daily — 
fixed charge for the force and equipment, plus eight cents per kilo- 
watt-hour for the current used. The company, realizing that this oe ae 
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os would interfere with its opportunity to secure large profits and 
maintaining that it had a right to take advantage of the existing 
conditions, insisted upon a fee of $200 per day for this rental. Realiz- 
ing that nothing was to be gained from this source, the plan was 
abandoned. 

The services of the electric company were utilized to thaw out 
about 400 feet of 4 inch main, at an expense of $250, and a 2-inch 
- main about 1000 feet long for $225. Also, a 4-inch main about 150 
feet long was thawed out by the department force by excavating at 
intervals of 50 feet, and thawing between the openings with a steam 
hose projected into the pipe. This work cost about $75. 

During the investigation, a workman with unusual ingenuity was 
found employed in thawing services. His outfit consisted of an 
8-quart cooking pan made to act as a furnace by providing a draught 
opening at the bottom, in which he burned charcoal. A 1-gallon 

_ spout oilean was used as a boiler and, connected to the spout, with 
a 38-inch piece of rubber tubing, was a 50-foot length of metallic 
hose, similar to that used for connecting portable gas ranges. Steam 

_was generated in the oil can boiler and the hose was gradually fed 

into the service as the ice was thawed. When interviewed, he said 
ihe was charging at the rate of $15 per service and was usually suc- 
cessful in thawing a service in half an hour. 
The department decided to secure an outfit modeled after this 
_ and purchased a 2-gallon boiler, with furnace, and fitted it up with 
100 feet of asbestos-packed metallic tubing. With this outfit, an 
- attempt was made to thaw a number of services, but some difficul- 
ties were encountered. The lead service offered great resistance to 
the passage of the metallic hose and it was found practically impos- 
sible to insert the hose to a greater length than 25 feet. Even with 
a lubricant of oil and graphite, it was only possible to insert the 
hose to a length of 40 feet, and in one instance, when water was 
injected into the service at this length, the metallic hose was broken 
In attempting to recover it and about 25 feet was recovered in rib- 
bons. Upon further investigation of the original outfit, it was 
found that the originator was careful in selecting the services to be 
thawed, in that no attempt was made to thaw any service which 
_ was connected on the opposite side of the street, and only services 
were selected where the indications led. to the assurance that the 
line was straight from the cellar wall to the connection in the street. 
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It is evident that this outfit will not serve unless some method 
can be devised to relieve greatly the friction between the metallic 
hose and the lead service, and experiments are being made in an 
attempt to develop this idea. Up to the present time, the only 
sure method developed by the department for thawing services is 
with the electric current, and by this method the work can be per- | 
formed at a cost of $10 to $15 per service. 


AS 
| 


The es principles involved in determining the size ‘and. 
make of meter service should be economy and efficiency. U sually | 
the water department furnishes the meter, and must keep the capital - 
expense as low as possible, consequently the smallest meter that ~ 
will do the work in any particular case is desirable. Fortunately 
the second requirement of efficiency is usually obtained by the same 
selection. 
Oversizing is, in the author’s opinion, a common fault, and it :. 


better to err in ‘the opposite direction, as in that case attention will 
be directed to the error by the consumer complaining of poor serv 
ice, while on the contrary, if the service is oversized in the a 7 
used, a substantial loss may be sustained by the department nm 
under-registration. 

Oversizing in meters may be compared to oversizing in soiamaae: 
tires, in that they will both give longer lives, but the oversize auto 
tire may also use up more power to move the car and costs more. , 
The oversized meter will not register all the water passing through 
it and costs more. a 

The experience of the Passaic Water Company, covering twenty 
years in time, and the setting, care and handling of some 22,000 
meters, is that no matter how much care has been taken, the com- 
pany has allowed itself to be influenced by the opinion of property 
owners, mill engineers, architects, etc., with the result that much 
larger meters were installed than were necessary. That the com- 
pany’s judgment has been swayed is clear by its experience follow- 
ing the installations of the first five or ten years. A careful watch — 
of the performance of individual meters by following their registra- _ 
tion, semi-annual tests as to sensitiveness and accuracy, a watch on 
the difference of water recorded following reduction in size or change 
in type of meter on a particular service, soon made the fact clear a 
that in many cases meters of too large capacity had been used. | 


1 Read before the New York Section, December 20, 1918. 
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This range covered the use of meters for residential service where 

$-inch and 1-inch sizes had been used when the 3-inch was sufficient, 

to factory or commercial use, where from 13-inch to 6-inch meters - 
were being used in situations that could better be served by 23-inch na 
to 2-inch meters. 

For the last ten years, during which the business has developed at 
at least 62.8 per cent, and the number of meters in use has increased 
by 99.9 per cent, it has not been found necessary to buy many 

meters above $-inch in size. The demands of a growing industrial 4 4 
section for meters of a size larger than this has been met by the i 
withdrawal from service of meters which had previously been set 2 
larger than necessary, replacements being made by smaller meters | 
or meters of a different type more suitable for the particular service. 

f The experience has led to fixing the following general rule cover- 
ing residential installation: Up to 6 families, a 23-inch meter; 


6 to 12 families, a 3-inch meter; from 12 to 18 families, a 1-inch 
meter; from 18 to 25 or 30 families, a 13-inch meter. 

For commercial or industrial service, the size and type of meter .) . 
to be used is determined after all the information available as to 
the probable quantity to be used and the rate at which it will be = 
drawn has been considered, bearing in mind also in determining _ 
the size, the psychology of the water user. Knowing that it is | 
easier to increase than to decrease the size and that such a change ~ an 
leaves a pleased customer, the company is careful not to get an = 7 
oversize original installation. 

The objection of the customer to the placing of a meter of a smaller 
capacity than his judgment indicates to be necessary is usually __ 
satisfactorily met by the assurance that, if found necessary after — 7 
trial, a larger size will be installed without expense to him. 

Where the service demands a large volume at times, with i 
necessity of taking care of small flows, either of use or leakage, the = 
compound type of meter has been found suitable. This condition — 
frequently arises. For example, on a small town service, where 
fire protection is of primary importance, but where the ordinary 
range of draft is greater than the range provided for in a Venturi > 
meter of proper size, a compound meter, which has a current meter | 
for the larger demands with a positive measurement meter for the - 
smaller, is the most suitable type. This condition is also met in 
many public buildings where flushometers are installed, although 
for apartment houses and the smaller tenements where the installa- _ 
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tion-of compound meters of comparatively large size would be 
necessary to provide for the large flow demanded by flushometers, 

the use of flushometers is discouraged. 

The author agrees with Mr. Caleb M. Saville in the conclusion of 
his paper read before the New England Water Works Association 
on November 14, 1918, that it is more effective and economical to 
install a larger service than has heretofore been the custom than 

to use a larger meter. Loss of head can be overcome by using the 

_ larger service more readily, more economically, and more effectively 

than by the size and type of meter selected. 

Where a larger flow for short intervals is desired than can properly 
_be provided for by the department, giving consideration to accurate 
registration and first cost of installation, such as filling tubs in a 
-dyehouse, of which the Passaic Water Company has a great many, 
or providing for the demands of flushometers, the service may be 
secured by the use of tanks. This shifts the burden of the extra 
_ expense of installation from the water department to the customer, 
but this is justifiable. 

The invariable rule of the Passaic Water Company is to use a 
_ meter of smaller size than the service to which it is attached. In- 
_ stallations are all made so that a meter can be changed to a different 
size or type readily and with little expense, in order that changes in 

use or unforeseen conditions may be easily and readily taken care of. 

The determination of the size of the service and the size and type 
of the meter to be used for any consumer, should be with the water 
department. The operator of the department does or should know 
what is required for both proper service to the customer and econom- 
ical and efficient service for the department. 

All meters larger than 2 inches in size are installed so that they 
can be tested in place without the interruption of the service, and 
such tests are made twice yearly. All smaller meters are removed 
for periodical tests, the period being determined by the service which 
the meter is rendering, or by the requirements of the State Utility 
Commission, which requires that all meters must be tested after a 
fixed number of years of service, or after having passed a certain 
quantity of water, depending on the size. 

In conclusion, the author agrees again with Mr. Saville, that more 
care is needed in the selection of meters for each particular service. 
The selection should be made by a man experienced in supplying 
water and with an accurate knowledge of the mechanical qualities 
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of meters, their limitations and possibilities. Much money can be 
saved a department, in both installation and operating cost and in | 
securing a full registration of all water delivered, by proper attention — 

to details. Then after the selection as to size and type has been © 
made, one must not be lulled into false security. The water ie 
is a machine that needs watching. The department has this pecu- 
liarity frequently called to its attention by the irate consumer with — 

the high bill, but it should also be warned by the unusually low bill. ‘= 
The price which must be paid for maintaining revenue is eternal am 


vigilance. 


LEONARD MetcaLF: The paper invites some questions, such as 
who bears the expense of repairing the meters, what proportion of i-? 
the services are metered and what proportion of the water pumped ; 


A. E. Hansen: It is surprising to hear that a 
sufficient, for eight families, and as this size must be ee for 
its success on rather high pressures, the author should state the — 


latter. 
_ ALLEN Hazen: The Spring Valley Water Company in San Fran- 
cisco has recently become 100 per cent metered. All manufacturing 
and commercial services have been metered for years and on many > 
of these services the meters were much larger than were necessary. — 
In connection with the complete metering, a new schedule of water — 
rates has been established by the California Railroad Commission _ 
which replaces all the old mixed schedules and is universally applied. __ 
The new schedule is in the form adopted by the New England Water 5 
Works Association. Under it there is a service charge for the — 
service and meter, depending upon the size of the meter, and an 7 
additional charge for water. The use of this new schedule tends to 
bring about a better adjustment of the size of meters to the needs oe 
of the service. The company is facilitating this change by sending > ; 
with each bill, where the quantity of water registered is altogether 
too small for the size of meter, a polite note to the taker calling 
attention to the conditions. This letter suggests to him that appar- 
ently a meter of a smaller specified size would answer his require- 
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done he will save so much per month on his bill. Sending these 
letters has promoted cordial relations between the takers and com- 
pany, and very many takers are accepting the offer, with the result 
that the number of abnormally large meters is being steadily reduced. 


Wm. R. Epwarps: In reply to Mr. Metcalf’s question, it should 
be said that the company bears all the expense for repairing meters 
except when they are caused by frost or hot water. One of the 
towns supplied has all the services metered, in another 80 per cent 
are metered and in a third about 70 per cent. It is not practicable to 
say what percentage of the water pumped yields a revenue, because 
on the system as a whole there are too many flat rates. In Mont- 
clair only 65 per cent of the water is accounted for. 

It is not surprising that our experience with 32-inch meters brings 
out Mr. Hansen’s question. We generally use a 3-inch meter where 

_ the service supplies six families, but as a matter of fact no complaint 

has come about the supply furnished through a 3-inch meter to 

twelve families. The pressure in these cases is 40 to 50 pounds. 

In Montclair, where the pressure is about 80 pounds, we are sup- 

_ plying without complaint through a 3-inch meter a 12-family apart- 
_ment house fitted with flushometers. 


| | i _ ments and that, if he wishes, the company will substitute the smaller 7 

. 1 ‘ ae for the larger one without expense to him, and that with this 
| 
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4 METER PRACTICES OF THE HACKENSACK WATER 


COMPANY! 
By D. W. FRENcH 


= Meter testing. When water meters are first purchased by the 


Hackensack Water Company, a record of test is required from the 
manufacturer of the 3-, 2-, 1- and 2-inch sizes as follows: a 10 cubic 
foot test on full flow, a 10 cubic foot test on a 43-inch stream, and a 
0.1 cubic foot test on a 75-inch stream. The complete test for a 

3-inch meter is a 10 cubic foot test on full flow, a 10 cubic foot test 
on j-inch stream, a 10 cubic foot test on }-inch stream, and a 0.1 
cubic test on Jednsls stream. The oni test for a 4-inch meter 
is a 100 cubic foot test on full flow, a 100 cubic foot test on 1-inch 
stream, a 10 cubic foot test on }4-inch stream, and a 10 cubic foot 
test on }-inch stream. For a 6-inch meter the tests are a 100 cubic 


foot test on full flow, a 100 cubic foot test on l-inch stream,a10 


cubic foot test on 34-inch stream, and a 10 cubic foot test on #s5-inch 
stream. For an 8-inch meter the tests are a 100 cubic foot test on 
full flow, a 100 cubic foot test on 4-inch stream, a 100 cubic foot 
test on 2-inch stream, a 100 cubic foot test on 1-inch stream, and 
a 100 cubic foot test on 3-inch stream. 

The records of all tests include the change gears used with each 
and every meter. Before the 3-, 2- or 1-inch go into service, a sepa- 
rate test is made by the water company, and no meters of these 
sizes are installed which do not show an inaccuracy of from 1 to 2 
per cent against the water company. 

The }-, ?- and 1-inch meters are also subjected to a water pressure 
test of 350 pounds per square inch by means of a hand pump. 

In making tests often required by customers because of high bills, 
such meters are considered accurate if tests show them to be within 
2 per cent either way. 

The author feels that he cannot emphasize too strongly the im- 
portance of testing carefully all meters which have been frozen. 
His experience has been in scores of cases that the disc chambers or, 


1 Read before the New York Section, December 20, 1918, 
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D. W. FRENCH 

in the rotary piston type of meters, the top head or bottom plate, or 
possibly both parts, were so badly sprung that merely replacing the 
bottom casting does not restore accurate registration. It is agreed 
that because a meter freezes this does not belittle it in any way, 
although it may cost more to repair some makes than others. Yet 
there is no good reason why meters cannot be protected from frost 
and freezing is almost invariably due to lack of consideration or 
negligence, in either of which cases, the expense of repairs should 
be borne by the owner of the premises. 

_ Meter setting. All meters used in connection with the Hackensack 
system are owned and kept in repair by the company, except in 
cases of misuse or freezing, when a deposit is required to cover the 
cost of repairs. After this cost is known, the balance is returned 

_ to the owner of the premises. 

Prior to January 1, 1918, applications for service were made by 

about 200 plumbers licensed by the water company. After the 

service main was installed and the building was ready for occupancy, 
the meter was delivered to the plumber and set by him. Since 
January 1, 1918, the water company has been setting all meters and 
the plumbers no longer have anything to do with this part of the 
work. When the meter is set, a shut-off cock is placed on each 
side of it and a check valve is also located on the house side of the 
meter, which acts as a protection to the meter as well as a protec- 
~ tion to the property of the owner, should a break occur in the street 
main. 
Only a small percentage of the meters is set in outside meter 

_ boxes, and such settings are confined almost entirely to manufac- 

turing plants and private fire lines. Suitable concrete boxes are 

required for such outside settings, and built at the expense of the 


applicant. 
a pt _ In manufacturing plants, where the use of water is large and 


p: often lasts for the full twenty-four hours, the company has found it 


advantageous, both to the consumer and itself, to install the meters 
in batteries, which, of course, adds to the expense, but enables 
examinations, repairs or changes to be made without interruption to 
the service. 
Meter reading. All meters on the system, of which there are 
about 45,000 in use, are read and billed quarterly, except about 300 
in sizes between 13 and 10 inches, which are read and billed monthly. 
Meters re gistering more than 25 ,000 cubic feet per month are in- 
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cluded in the monthly survey. All meters in the monthly survey | 
are read on the last day of the month, provided it does not fall on a 
Sunday or a holiday, in which event readings are made on the fol- 
lowing day. 

In reading the quarterly meters, the districts are divided into 
block and working numbers. Each inspector’s territory covers 
about 3500 meters, and he reads, on an average, about 175 meters © 


per day. The quarterly readings begin on the first day of the last 7 7 


month in the quarter, and must be completed not later than the 
20th. 

Each man starts out with about 200 cards on which readings are 
entered, and each card, by using both sides, provides for such 
quarterly readings for a period of four years. These cards are 
turned in again in the afternoon, together with any and all com- © 
plaints, such as meters not working, broken glasses, meters leaking, 

te., all of which receive attention on the following day. Printed 
cards are also mailed on the day following the reading to all cus- 
tomers where the meter shows an increased or unusual consumption. 
The reading cards are then used in making out the quarterly bills. 

By repeating this operation each day during the reading period, 
it is plain that on the day following the last reading day, all defec- 
tive-reading meters have been changed, that the many and various 
small complaints have been attended to, that bills have all been 
made out, and there has been ample time for comparisons, check- 
ing, etc., before the end of the month. During recent years the 
company has not failed in getting into the mail during the last day 
of the quarter, the entire survey bills, which are then in the hands 
of its customers on the first day of the following quarter. 

Collecting, etc. Promptly after the bills reach the customers, pay- 
ments begin to come in, and an accurate record and report of col- 
lections is made by each district office and tabulated at the main 
office, showing each morning the sum of money collected in each 
district and its percentage relation to the survey. 

In following any such plan, an excellent opportunity is afforded 
for comparing the work of the various collectors. 

During recent years the records show that about 65 per cent of the 
total surveys are collected during the first thirty days, and from 
26 to 30 per cent during the second thirty day period. 

Maintenance. For many years the Hackensack Water Company 
have been following the practice, initiated in the early nineties, of 

Kit, 
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removing for test and a general going over, the various sizes of 
meters after having registered a fixed quantity of water and regard- 
less of the length of time required to reach these quantities. The 
practical result is that every meter installed on the system comes 
into the shop at about uniform intervals for a general overhauling. 
After examination, repair, test and painting, the meter is returned 
to stock and is ready for another period of use. Following this 
practice, a very small percentage of meters breaks down, and the 
author is sure that a higher degree of efficiency is maintained be- 
tween the intervals of fixed registration. 

For more than twenty years the company kept up its original 
plan of making these changes, as follows: Change all }-inch meters 
after registering 100,000 cubic feet; change all ?-inch meters after 
registering 250,000 cubic feet; change all 1-inch meters after regis- 
tering 500,000 cubic feet; change all 2-inch meters after registering 
2,000,000 cubic feet. In sizes above 3-inch records were kept of all 
examinations, including examinations of intermediates, and changes 
were made when it was deemed necessary. 

All such changes are now made under the rules, regulations and 
recommendations of the Board of Public Utility Commissioners for 
the State of New Jersey, which are as follows: Change 3-inch meters 
each 10 years, or after registering 750,000 cubic feet; change ?-inch 
meters each 8 years, or after registering 1,000,000 cubic feet; change 
1 inch meters each 6 years, or after registering 2,000,000 cubic feet; 
change all meters larger than 1 inch each four years. 

All work in connection with the testing, repair or maintenance of 
the meters is performed in the water company’s shop, which is com- 
plete with up-to-date tools and modern testing equipment, and seven 
or eight men are steadily engaged on this work. 

After all is said and done, the real measure of the success of the 
efforts is the percentage of water actually delivered into the trans- 
mission mains that can be accounted for. During recent years 
the company has been converting into revenue from 71 to 74 per 
cent of all water pumped at its main pumping station, making no 
allowance for pump slip, no allowance for loss on mains, no allow- 
ance for reservoir seepage, no allowance for water used at fires or 
flushing of sewers, no allowance for losses due to broken transmission 
or distributing mains, or losses from service mains leaking between 
the street main and meter, and no allowance for meter inaccuracies. 
Such results as have been obtained are due in a large measure to 
the uniformly careful attention given to the water meters. — 
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METER PRACTICES 


DISCUSSION 


W. W. Brusu: In New York City, the property owner now deter- 
mines the size of the meter, and generally selects one of the same 
size as the service pipe. The Department of Water Supply con- 
templates a greater control of the size of the meter, and where one 
is found to be so large that it does not register the various flows 
correctly, a smaller meter will be called for, even if it is smaller than 
the service pipe. The topics touched on in the paper suggest the 
desirability of more information on the use of check and safety 
valves and the possibility of pressure being put on the house plumb- 
ing when steam forms in kitchen boilers, and on the setting and 
repair of meters. 


D. W. Frencu: In our system about 87 per cent of the services 
are metered. The smallest service is 32-inch and a 34-inch meter is 
used on it. Generally the meter is of the same size as the service, 
but in some cases it is smaller, for there are service pipes that are 
found to be needlessly large. 

No case has been reported where house plumbing or range boilers 
were injured because check valves were placed on services and pres- 
sure due to steam in the boilers could not be relieved by a back flow 
through the service pipe. On the other hand there have been many 
cases where range boilers were protected, by the presence of check 
valves, from injury when a street main broke. The closing of the 
check valve prevented the draining of the plumbing systems and 
the collapse of the boiler. The check valve is preferably placed on 
the house side of the meter, as it protects the meter from injury by 
hot water. A safety valve is not of much value, but its cost is so 
small that the company recommends it as worth its expense, al- 
though it is not insisted upon. 

The meters are set inside the cellar wall. No particular location 
is required, other than they shall be 16 to 18 inches above the floor, 
not exposed to frost, and accessible for reading and changing. 
When the meter is removed in accordance with the regulations 
stated in the paper, it is tested to ascertain its inaccuracy. It is 
then taken apart, thoroughly overhauled, parts badly worn are 
replaced, and it is reassembled, tested, painted and returned to 
stock. The quarterly changes from all causes vary from 1.5 to 2 
per cent. The motes that are removed in seein with regula- 
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tions sometimes show an inaccuracy of only 2 or 3 per cent after 
being in service a number of years, and sometimes the inaccuracy is 
8 or 10 per cent. The cases of large inaccuracy generally occur in 
meters near dead ends where the mains are liable to contain more 
sediment than elsewhere. 


| 

- 


64 
By ALLEN Hazen 


New meter rates have been put in effect by two large water com- 
panies in the San Francisco district during the past year. These ~ 
companies are the Spring Valley Water Company, supplying San 
Francisco, and the East Bay Water Company, supplying Oakland, 
Alameda, Berkeley, Richmond and other municipalities. Each _ 
system has approximately 65,000 services. The rates were asked © 
for by the companies and the rates and the form of rate schedule __ 
were authorized by the California State Railroad Commission after _ 
hearings in each case. 

Each system is completely metered, the East Bay system for 
some years. Large takers and commercial takers of the Spring 
Valley system have been metered for some years, but residences _ 
have been metered only recently. The last residences were metered __ 
about September 1, 1918, and the new meter rates went into effect 
at that time. In each case the new schedule supersedes old sched- 
ules that were complicated and did not fairly distribute the burden © 
among the different takers. o 

In the Spring Valley system there were over 50,000 takers at flat 
rates. In the East Bay system each municipality had its own _ 
schedule of rates and the schedules varied among themselves. The 
new schedule is uniform for the entire system. The Spring Valley 
rates are arranged to produce the same revenue as the old rates in 
the aggregate, and it is provided that in the event that through 
inadvertence or as a result of conditions impossible to estimate 
accurately, a greater revenue shall be produced, all over-plus over | 
present revenue shall be held at the disposition of the Commission 
for the benefit of consumers. If there is deficiency the Company © 
loses it. | 

In the East Bay system, on the other hand, the new rates pro- _ 
vide a substantial increase, which was urgently needed to meet the 
increased cost of service. The new rates are in the general form 
— by the _— England Water Works Association; that is to 
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say, there is a service charge for each meter, graded according to 
the size of the meter, which is collected whether water is used or not. 
In addition there is a charge for all water used. In the Spring 
Valley system the schedule is in the exact form adopted by the New 
England Water Works Association. For the East Bay system, on 
the other hand, only two classes are provided, and the point of — 
change from one to the other is not that provided in the New Eng- 
land Water Works Association schedule. <n 
The service charges in the two systems are as follows: _ - 


MONTHLY CHARGE 
SIZE OF METER 


Spring Valley 


inches 


.50 


top 


The charges for water delivered in the Spring Valley system are: 


Between 0 and 3,300 cu. ft. per month..24 cents per 100 cu. ft. 
Between 3,300 and 33,300 cu. ft. per month..21 cents per 100 cu. ft. 
Above 33,300 cu. ft. per month 18 cents per 100 cu. ft. 


For the East Bay system, the charges for water delivered are: 


a a Between 0 and 5,000 cu. ft. per month....23 cents per 100 cu. ft. 


; Above 5,000 cu. ft. per month..............19 cents per 100 cu. ft. 


The bill is rendered on a form about 12? inches long and 33 inches 
wide. ‘This is in three sections with rouletted lines between them 
so they can be readily separated. This form is reproduced in 
figures la, 1b and le. The schedule of charges is printed on the 
back of the bill. 

Before adopting these rates, there was considerable discussion of 
the relative advantages of the minimum rate and of the service 
charge as a means of securing a certain contribution from those 
takers that draw but little water. Regarding this the Railroad 
Commission states (Spring Valley opinion) : 
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NEW METER RATES IN SAN FRANCISCO 

The minimum charge is invariably higher than the service charge, and it 
involves the payment by each consumer for a fixed amount of water regard- 
less of whether or not he uses it. There is no answer known to us which can 
be made to the man who complains that under a minimum rate he is com- | 
pelled to pay the same amount for 100 cubic feet of water as his neighbor 
pays for 300 or 400 cubic feet of water, depending on the amount fixed for 
minimum use. 

We believe that under the conditions of service we are dealing with herein, 
the service charge once established and thoroughly understood will be agreed | 
to as the fairest and most equitable method of fixing rates. 


The winter of 1917-1918 was the driest in the San Francisco — ? 
district for at least sixty years. The reservoirs of the water com- we: 
panies were not replenished, and the past season has made very 
severe demands upon their capacities. The East Bay Water Com- _ 
pany has maintained its service by developing temporary ground _ 
water supplies wherever there was pervious ground within its range — 
that could be tapped. The supplies so reached may not be ~ 
permanent, but they have served to carry the company by an 
emergency. 

The Spring Valley Water Company fortunately had considerable | 


amounts of water in storage which have served to maintain the __ 
supply during this year, but the gradual depletion of the stock of La 


water on hand could only mean disaster if the consumption kepton _ 
increasing. Metering the residences and charging by meter rates 

has had the effect of reducing the output by a substantial amount. 
The output is now at the rate of about 37,000,000 gallons per day 

for the city, which is approximately the rate of 1911, or seven years 
earlier. In other words, the effect of metering has been to reduce 

the consumption as much as the natural increase in about seven - 
years, and the increase in consumption during the last two years has » 
been rapid, with numerous war industries that have taken large 
quantities of water where none was used before. The present per 7 
capita consumption of water of the Spring Valley Water Company | 
is about 67 gallons. For the East Bay system it is a little lower, — 
probably between 60 and 65 gallons. 

One of the interesting developments of the new meter rates in ~ 
San Francisco is the gradual substitution of smaller meters where- 
ever the old meter was larger than really necessary for the service. 
With each bill, where the amount of water is unduly small for the | 
size of meter, goes a polite note from the sales manager of the com- — 
pany, calling the taker’s attention to the conditions and suggesting 
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THIS BILL 1S DUE AND PAYABLE ON PRESENTATION 
AND IF NOT PAID WITHIN FIFTEEN DAYS THEREAFTER 
SERVICE IS SUBJECT TO DISCONTINUANCE WITHOUT 


RTHER NOTICE. 


ECTING METER ACCOUNTS 


METER READING 


. By CHECK No 


YOUR CANCELLED CHECK IS A RECEIPT. NO ACKNOWLEDGMENT SENT UNLESS REQUESTED. 


AT RATES SHOWN ON REVERSE 


LEFT-HAND SEecTION OF Form USED IN COLL 


OTAL AMOUNT DUE 
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FOR WATER SERVICE 
SERVICE CHARGE 

FOR WATER DELIVERED 
BALANCE FORWARD 
CONSUMER'S RECORD 
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ALLEN HAZEN 


that apparently a smaller meter of a size that is suggested would be 
sufficient, and stating that with the smaller size the saving in the 
monthly bill would be so much, and stating further that the com- 
pany is prepared to make the change without cost, if the taker desires 
it made. 

Sending this letter is bringing about a better adjustment in the 
sizes of meters to the service, which is advantageous to both com- 
pany and takers, and the takers have appreciated the suggestion. 
The sales manager states that there have been surprisingly few 
complaints growing out of the new schedule of rates. A few people 
have sent checks for the water without the service charge, but these 
checks have been returned and in practically all cases the situation 
has been accepted by the takers. 

The interesting comment is made that most of the “kickers’’ are 
among those who have reduced water bills by the new rates. With 
very few exceptions those whose bills have been increased have 
accepted the increase philosophically. They perhaps realized that 
they have been getting more water than they were paying for and 
accepted the condition, but the man who has been paying $5 and 
gets a bill of only $4 under the new rate, considers that he has a 
confession from the company that he has been overcharged in the 
past, and he loudly demands to have his bill put down to the point 
where it really ought to be. 

The introduction of the new system of charges by the Spring 
Valley Water Company was made easier by the distribution to each 
taker of a pamphlet on the subject of waste prevention and the 
best methods of paying for water, from which the following extracts 
are reproduced here: 


The necessity for the prevention of waste. To meet the present urgent needs 
of the city and to prevent a possible future shortage, San Francisco’s supply 
of water must be carefully guarded. The present sources of supply are now 
drawn to their full capacity, and, unless some of this supply can be saved, 
additional water must be secured. An additional supply can only be secured 
by building an additional pipe line to the city and after the pipe line is com- 
menced, it will take three years to complete it. It is impossible to build this 
pipe line now, because necessary labor cannot be secured, and steel plate and 
other materials absolutely essential in this construction are required by the 
United States Government. This means that for the next few years San 
Francisco must depend upon its present developed supply, and every effort 
must be made to make that supply sufficient to meet the city’s needs. If 
this is not done, San Francisco will be short of water. | 
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There is one way in which such a disaster can be prevented and there is — 
_ only one way. It involves the elimination and prevention of waste. Waste 
of water can be dealt with effectively only by installing water meters. The | 

- California Railroad Commission has recognized these facts and has directed 
this company to install meters. The necessity for installing meters is recog- 
nized by every public authority conversant with the situation. This in- 
~ eludes the city engineer, the engineers for the Railroad Commission, and the 

Railroad Commission itself. 

Reasons for meters. There are two reasons for installing water meters. 
First: Their use directly reduces waste. When there is a meter on each serv- 
ice pipe, the party carelessly or wilfully wasting water is made to pay for it. 

Second: Meters prevent discrimination. When they are used the consumer 
_ pays only for what he gets and the company is paid duly for what it supplies. 

; The old rates commonly called flat rates were unfair. Under them you 

- did not pay for water actually used, but bills were necessarily based on the 
- water which you were supposed to use. This resulted in some consumers 

- paying much more than they should have paid, and in others paying much 

less. There was no incentive to save and waste necessarily followed. 
Most people are careful in the use of water. There are, however, a few | 
pr carelessness or deliberate waste increases enormously the amount of 

_ water that must be provided. A leaking toilet may easily waste as much 

water as would serve twenty families. This water costs money to produce. 

If those who waste it do not pay for it the burden must be borne by all. This ae i 

_ results in the public having a heavier burden to bear and each consumer pay- 

- ing a greater charge. This is particularly true in this city because every 
gallon of water in the street mains has been pumped from one to four times 
before it reaches its destination. Pumping requires the use of oil. The com- 

pany used this year over 100,000 barrels of oil, and the cost of oil has now 
increased more than 100 per cent. 
What the consumer pays for. In supplying water there are three operations: 
First: Developing and protecting the water at its source, collecting it in 
_ the large storage reservoirs, and pumping and conveying it to the city dis- 
tributing reservoirs. 
Second: Distributing water throughout the city through the main supply _ 
lines to the smaller regulating reservoirs, and finally through the distribution _ 
lines in each street. 
Third: Maintenance and repairs to meters and services, inspection of 

_ plumbing and fixtures for the consumers, reading meters, bookkeeping, bill- 
and collecting. 

The charge to be made by this company on account of the first two items 
the Railroad Commis sion by its ad interim order established. It ranges from 

84 cents for each 100 cubic feet for domestic and small commercial consumers 

to 18 cents for each 100 cubic feet for large industrial consumers. The reason 
for this distinction is that it costs relatively less to distribute water in large _ 
quantities than in small quantities. At the highest rate a barrel of water 
costs about one cent. 
The third item forms the basis for what is known as the “‘service charge.” 
+ This has been fixed fixed by the Railroad Commission at 65 cents per month for 
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ordinary household meters, and increases through intermediate charges to 
$40 per month for the large 8-inch connections. 

The service charge. Each individual consumer pays a specific amount for 
service rendered to him individually, and the amount which he pays is deter- 
mined by the size of his service. Unless this is done all these expenses go 
into the general operating expense account and must be distributed among 
the consumers without regard to the service to the individual. The service 
charge is the most equitable arrangement. It is fairer than the ‘minimum 
bill’? method. 

The service charge is not an additional charge and does not mean higher 
rates. It is simply a different and more equitable way of distributing the 
cost of service among consumers. 

Note that if there is a discontinuance of service, the service charge like- 
wise stops. 

No increased revenue to company. The meter rates are ad interim rates. 
They were put in to prevent waste and to distribute fairly between the con- 
sumers the cost of supplying water. They were not put in to increase the 
company’s revenue, and the order of the Commission specifically provides 
that they shall not do so. The Commission’s order says: 

“The proposal of the company is fair, to-wit: That the rates now estab- 
lished shall not result in any increased revenue or profit and in the event that 
through inadvertence or as a result of conditions impossible to estimate accu- 
rately, a greater revenue should be produced, all over-plus over present 
revenue shall be held at the disposition of the Commission for the benefit of 
consumers.”’ 

Effect of meter rates. At least 50 per cent of the company’s consumers will 
pay less than they paid under flat rates. Many consumers will notice no 
appreciable change in the monthly charges. Others, particularly those 
whose water is wasted, will pay more than they have paid in the past. 

Those who take large quantities of water and who get the wholesale rate 
will pay more. The old wholesale rate was too low and the Railroad Com- 
mission has decided that this class of consumers should bear a larger propor- 
tion of the whole cost. 

Builders and contractors will pay materially less than under the old sched- 
ule. Bills for water service to vessels supplied at open docks will be much 
less. They were charged too much proportionately under the oldrate. Sev- 
eral thousand small stores and shops previously paying the minimum of 
$1.80 per month will average a saving of between 25 and 50 per cent. By 
guarding against waste through faulty plumbing and exercising proper super- 
vision of irrigation at least one-half of the residential consumers should 
reduce their bills. 

If your bill is higher than you think it should be look first for waste. If 
you do not find it see if you are not really using as much water as the bill 
calls for. 

The company maintains a force of experienced plumbing inspectors. This 
force is at your service and will advise you upon request, free of charge. It 
is to our advantage, as well as yours, to eliminate waste, and to this end we 
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The rates of both companies are much higher than the average 
for Eastern cities. This is primarily due to the climatic conditions 
in California and to the location of the communities upon a wonder- 

ful natural harbor but where available sources of water supply are 
scarce. In a general way, it is estimated that the actual cost of the 
service is about double what it is on an average for cities on the 
Atlantic Coast. 

The largest company to adopt the New England Water Works 
Association form of water rates, as far as known, prior to the present 
instances, was the Hackensack Water Company, supplying Hoboken 
and other cities just outside of New York. 
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TUNNEL OF THE CATSKILL AQUEDUCT! 


By J. WaLpo SmiTH 


REPAIRS TO RISERS IN THE SHAFTS OF THE CITY 


The most obvious means of delivering 500,000,000 —— daily of 
Catskill water to the five boroughs of Greater New York was through 
pipe lines laid just below the street surface. In order to avoid the 
many difficulties which such a plan would have involved, by reason 
of interference with traffic and with subsurface structures, and also 
by reason of the high expense, it was determined to do as much 
underground work as possible. This decision resulted in the con- 
struction of a tunnel 18 miles long, circular in cross-section and with 
an inside diameter varying from 15 feet at the northern end of the 
city to 11 feet in Brooklyn. From the terminal shafts in Brooklyn, 
pipe lines were constructed to the boroughs of Queens and Rich- 
mond, the latter on Staten Island. 

The construction of tunnels for carrying water under pressure 
was not new. In order to determine the best location beneath the 
congested area of the city and through the complicated geological 
formations which the tunnel in its natural location would penetrate, 
much exploratory work in the way of borings was necessary. ‘These 
borings disclosed the character of the rock, and from the results 
thus obtained it was determined that the tunnel should be located 
at such depth that nowhere would there be less than 150 feet of 
rock cover. In general the rock cover is materially greater than 
150 feet. 

The tunnel is connected with the distribution system through 
22 shafts, in each of which there are one or two steel riser pipes 48 
or 72 inches in diameter. These pipes are controlled just below the 
surface of the ground by a substantial valve equipment. The riser 
pipes placed in the shafts are surrounded with concrete for their 
entire length, and are thus in a sense integral with the rock through — 
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which the shafts and tunnel were driven. The tops of these riser 

- pipes are in the form of tees of solid bronze, and to these tees are 

- bolted 30-inch and 48-inch solid bronze gate valves. The construc- 

- tion at the tops of the riser pipes was the very best and most sub- 
stantial of which it was possible to conceive, and while it was be- 
lieved that these bronze gate valves were sufficiently secure to 
control the supply it was nevertheless thought best to provide one 
other line of defense by locating a valve from 150 to 200 feet below 
the surface of the ground and directly attached to the end of the 
steel riser pipe. These valves, constructed of solid bronze through-— 

- out, were of special design and became known as riser valves. They 
were of two sizes, 48 and 72 inches in diameter, and are operated | 
through a dashpot which has an area equal to one-half that of the 
waterway in which the valve is placed. The principle of operation. 
is such that if the pressure within this dashpot is at any time reduced | 
below that existing within the riser the valve will immediately and 
automatically begin to close. 

This principle of valve operation has been turned to account by 
introducing a mechanism which will automatically control the > 
valve operation in case a large break in the distribution system — 
should occur and a dangerous flow of water through the riser pipe ~ 
result. The operating mechanism for each of these valves is located — 
in the underground chamber at the head of the shaft, and consists of 
a pair of pitot tubes, one of which looks upstream and the other 
looks downstream within the shaft riser. The pressures indicated — 

by these tubes are led to two mercury chambers, in one of which | 

there is a large cast-iron float connected through gears to a dial and ~ 
tripping mechanism. As the pressures indicated by the pitot— 

_ tubes vary, the position of the float varies and the position of the 
pointer with respect to the tripping mechanism also varies. As the | 
velocity of flow through the riser pipes increases, the difference in 
pressure between the two pitot tubes increases, the difference in : 

= level between the two mercury chambers increases and the cast-iron — 
float moves, so that finally, when the motion has become great — 

a enough, the tripping point of the mechanism is reached. A weight 


the pressure within the dashpot of the riser valve is lowered and the — 
; valve itself begins to close. The control mechanism is so designed — 
a that the tripping point may be set to accommodate a range of veloc- a _ 
ities within the riser pipe of from 2 to 15 feet per second. 


then drops and opens a small automatic valve, and thus immediately _ 
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eal 7 Control of the rate of closing of the riser valve is had by passing 


the water discharged from the dashpot, as the valve closes, through 
a cylinder, from which it escapes through.a number of openings or 
ports. The number of these ports which are open at any time is 
dependent on the position of the riser valve with respect to its seat. 
At the beginning of closing, all the ports are open and the valve 
approaches its seat until only one port or small hole 35 inch in diam- 
eter remains open. In this way the speed of closing is held under 
strict control and the danger of water hammer is eliminated. The 
entire apparatus is so arranged that the riser valve will close from 
wide-open to tight-shut in approximately eleven minutes. 
Extending from the riser valves to the surface are the riser pipes, 
which were constructed of sections of riveted steel pipe, the lengths 
of which varied from 15 to 30 feet. The original design prepared 
by Designing Engineer Wiggin called for a bolted transverse joint 
between the sections of steel pipe and recent experience has demon- 
strated that this should have been used. During construction, 
however, great difficulty was found in carrying out this plan and a 
type of hub-and-spigot joint wassubstituted. This joint was made 
by riveting an angle-iron seat around the outside of an upstanding 
end of each section of pipe; the next section of pipe was slightly 
tapered so that its bottom end was sufficiently large to slip over the 
upstanding end of the lower section. The upper section then rested 
on the angle-iron seat and formed an annular space between the 
ends of the pipe sections. This annular space, about 4 inch in 
width by 3 inches in depth, was then calked with lead wool. The 
abutting ends of the steel pipes were reinforced with steel bands, so 
as to withstand deformation resulting from the calking with lead wool. 
As the shafts were sunk, they were first lined with a thin wall of 
concrete, so as to avoid the necessity of timbering and in order to 
cut off water which would otherwise have entered from the rock 
through which the shaft passed. After the tunnel had been com- 
pleted, the riser valves were built in, and above them the steel riser 
pipes placed in position, with joints between sections as previously 
described. The entire space between the concrete of the shaft 
lining and the riser pipes was then solidly filled with concrete. 
This concrete surrounding the pipes was usually brought to within 
about 1 foot below the joint in the riser pipes. After the erection 
of the steel riser pipes was completed, they were lined inside with 


4 inches of concrete as protection against corrosion. It was recog- 
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nized that, due to the shrinkage of the concrete, slight leakage might 
occur, and to overcome this grout pipes were placed during the proc- 
ess of placing the concrete and these pipes were subsequently 
thoroughly grouted. It was also believed that the lead calking 
would take care of any slight vertical movement which might occur 
in the riser pipes. 

In December, 1917, about at the beginning of cold weather and 
after the tunnel had been in operation for about a year, it was 
noticed that there was an inflow of water into the subway at 42d 
Street. Shortly thereafter water made its appearance in Bryant 
Park, near the corner of Sixth Avenue and 42d Street. At first it 
was thought that a break in one of the distribution mains had 
occurred and the valves at the head of the riser pipes were closed. 
This did not check the flow, and thereupon the riser valves were 
shut and the flow stopped. It was thus evident that a break had 
occurred in the riser pipe somewhere between the riser valves and 
the valves at the top of the riser pipe. 

Preliminary study led to the conclusion that one of the joints in 
the riser pipes had failed, probably by reason of lifting action by the 
building up of hydrostatic pressure on the area of some one of the 
concrete construction joints, and that this pressure had been suffi- 
ciently great to result in a lifting force of sufficient magnitude to 
raise the weight of the superimposed shaft concrete, together with 
that of the valve chamber and its earth covering, including, of course, 
the weight of all the valves and fittings within the chamber. The 
action was analogous to that of a hydraulic ram. A small quantity 
of leakage water evidently passed through one of the joints in the 
steel riser pipe and found access to the construction joint in the 
concrete in its immediate vicinity. This pressure was thereupon 
spread over a great part of the area of the construction joint, which 
was substantially equivalent to that of a circle 14 feet in diameter. 

With the riser valves closed, the riser pipes were pumped out and 
examined. This examination confirmed the conclusion which had 


- been reached on consideration of all the conditions as above ex- 
_ plained, and it was found that there had been a vertical movement 


of about ? inch and that this movement had extended across the 


entire shaft and had broken joints in both of the riser pipes at a 
- distance of 58 feet below the bottom of the valve chamber. 


For the purpose of operating the riser valves there are in this 
shaft two 3-inch and two 13-inch bronze pipes. These pipes extend - 
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vertically from the chamber to the riser valves and passed directly 
across the plane of rupture. It was indeed surprising to find that 
these pipes had succeeded in withstanding this amount of deforma- 
tion without rupture. It was evident that they had not broken 
when it was found possible to close the riser valves immediately 
after the break had occurred. Later on, when they were exposed to 
view, it was found that two of them were still intact, although the 
other two had broken at the threads in each case close to a coupling. 
The breakage here was probably due to fatigue and did not occur 
until sometime after the valves had been closed. 

The repairs made consisted in placing bronze sleeves about the 
bronze pipes, removing the lead calking between sections of steel 
riser pipe and welding these steel riser pipes together by means of 
the electric are. In order to gain access to the bronze pipes, which 
were located outside the risers, it was necessary to cut out of the 
steel risers pieces large enough so that the removal of the concrete 
around the pipes could be accomplished. These pieces cut from 
the riser pipes were also subsequently replaced by welding with the 
electric arc. 

It is believed that the work done has resulted in assuring a greater 
degree of safety than that called for by the original designs, and 
that the shaft now is more secure than it was at any time previous. 
It is even now difficult to conceive just how the break could have 
occurred, because the concrete with which the shaft was originally 
lined would hardly have had the strength necessary to withstand 
the pressure which must have accumulated before the break oc- 
curred, but no other reasonable explanation has been advanced. 

It was natural that this occurrence at one of the shafts should 
have directed attention to all of the other shafts where conditions 
were generally similar. Careful detailed study of these cases was 
thereupon undertaken, and it was determined to do everything 
which could be done toward eliminating similar conditions, to the 
end that the greatest possible degree of security at all of the shafts 
should be obtained. Pursuant to this policy two things were done. 
First, a series of borings were put down through the concrete so as 
to intersect the construction joints in the concrete around the riser 
pipes. These borings act as vents and will operate to prevent the 
building up of hydrostatic pressure on the area of any one of these 
joints. Second, a sufficient number of joints in each shaft were 
welded in the same manner that the )sepale at Shaft 17 was made, 
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REPAIRS TO RISERS IN TUNNEL SHAFTS 
so as to afford a very material increase in vertical strength, thus 
resulting in a balancing between any vertical hydrostatic pressures 
which might occur and the weight available to resist such hydro- 
static pressure. 

Tests of samples of the welding, when pulled in the testing ma- 
chine, have developed over 80 per cent of the vertical strength of 
the section, and have thus shown a greater strength than that which 
could have been reasonably attained by any form of welded joint. 

It was indeed fortunate that Catskill water became available 
when it did. The first general delivery was made in January, 1917, 
at which time Brooklyn was already in bad straits. Last winter, 
during the extremely cold spell, had it not been for Catskill water, 
New York City would have been as badly off as Jersey City was, 
but this is something which the average citizen does not realize, 
and a condition such as there existed is fully understood only by a 
water-works man. 


DISCUSSION 


W. W. Brusu: At about 9 p.m. December 11, 1917, the Depart- 
ment of Water Supply of New York received word of a serious water 
leak that had developed in the subway tunnel at 42d Street. The 
repair gangs and emergency engineer were called out, and first tested 
the distribution mains at this location. There are several lines of 
water mains in and crossing 6th Avenue at 42d Street, and all had 
to be successively shut down to determine whether any were leak- | 
ing. At about 2 a.m. it was evident that the leak was on the Cat- 
skill system, either from the Catskill shaft or from the tunnel. Dur- 
ing the time the source of the leak was being investigated the leakage 
had increased in volume and amounted to probably some 10,000,000 
gallons daily. The water had raised the floor of the subway suffi- 
ciently to make it questionable whether the subway trains could 
continue to operate, a heavy stream was flowing down the subway 
floor, and water in large volume was coming up along the curb and — 
sidewalk on 6th Avenue, and also within the limits of Bryant Park. - 

At 2.30 a.m. orders were telephoned to start up the pumping 
stations on Long Island, where some thirty-two stations that for- 
merly supplied the municipal service in the boroughs of Brooklyn 
and Queens had been shut down, and placed in reserve. At =. 
same time an order was given to close the emergency riser valves | 
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that were placed in the shaft 100 feet or so below the surface of the 
rock. It was not then considered likely that the leak was from the 
shaft, but this was considered a possibility. The department was 
greatly relieved to get word at 3 a.m. that shutting down the riser 
valves had stopped the flow, and that it would not be necessary to 
shut down the main Catskill tunnel. Had it been found necessary 
to shut down the tunnel, it would have meant cutting off the entire 
water supply for the boroughs of Brooklyn, Queens and Richmond, 
and from the lower part of Manhattan. There are two main line 
valves in the 173 miles of Catskill tunnel between Hill View reservoir 
and Brooklyn, one at about 93d Street and Central Park, and the 
other at 24th Street and 5th Avenue. Both of these must have 
been closed had the main tunnel ruptured at Bryant Park. To 
provide against an interruption in the supply of water to Brooklyn 
and Queens, the department maintains ready for operation nineteen 
pumping stations connected with the Brooklyn system, and two 
connected with the Queens system, these stations having a combined 
capacity of about 150,000,000 gallons daily. In Richmond only 
two stations are so maintained, having a total capacity of about 
8,000,000 gallons daily, as in Richmond there is sufficient stored 
water in the Silver Lake reservoir to maintain the present demands 
for a period of about twenty-five days. In Brooklyn and Queens 
the water stored in the distribution reservoirs would only meet the 
present demands for a period of less than two days. Some of the 
city officials have questioned whether the department is warranted in 
keeping these Brooklyn, Queens and Richmond stations in reserve, 
ready to operate, and the Board of Estimate and Apportionment 
that went out of office on December 31, 1917, reduced the number 
to be maintained in Brooklyn from nineteen to six. This action was 
reversed by the present Board of Estimate and Apportionment. 
The cost of maintaining the stations is somewhat less than $200,000 
a year. The speaker is certain that no one who had had the expe- 
rience that he passed through at the time the leak developed at 
41st Street and 6th Avenue would question for a moment the advis- 
ability of spending this money for insurance, and maintaining the 
pumping stations connected with the Brooklyn, Queens and Rich- 
mond systems ready to operate upon demand. 

A few words as to the necessity of the Catskill system to maintain 
the water supply of New York may be of interest. The unusual 
severity of the winter of 1917-1918 placed upon virtually all the 
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water supply systems in the northern part of the country a most 
~ unusual burden, due to the very large volume of water drawn to a bas is 


_ prevent the freezing of pipes and fixtures. In the borough of Brook- © x i 


_ lyn the consumption on one day reached a maximum of 230,000,000 ys 
gallons daily as against a previous average consumption of about = 2. Ay 
140,000,000 gallons daily. This very high consumption continued 

for a sufficient period, so that had it not been for the Catskill sys- 
tem, the consumption in the borough must have been reduced by © 


>. 


4 some 30,000,000 gallons daily, with resultant distress and firedanger ~“ 


to property, caused by the general lowering of pressures. In the © 


_ boroughs of Manhattan and the Bronx, the situation did not indi- — 
cate quite so clearly the absolute necessity of the Catskill supply, 
but here the consumption in the months of January and February _ 
averaged 425,000,000 gallons daily, whereas the safe supply from > 
- the Croton, Bronx and Byram systems is estimated at 350,000,000 
gallons daily, these being the systems available prior to the intro- 
duction of the Catskill water. The Catskill system has efficiently 
‘met all the demands placed upon it, and New York is fortunate in os 
having had at its command during last winter this great source of — 
water supply. 
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A WATER WASTE SURVEY IN BUFFALO! fhe 
By Easrrt D. Case | 
t cian is an unmetered city. Prior to the spring of 1917 little = 
was done in regard to checking the water waste; on the contrary, 
the officials rather urged the consumers to use all the water they 
wanted. With a change of administration in May, 1917, to the 
commission form of government, the officials started a water waste 
survey to curtail the waste. At that time the daily consumption _ 
amounted to from 165,000,000 to 170,000,000 gallons or over 
350 gallons per capita. Today the daily consumption, averaged for 
the past week, is 130,000,000 gallons or 260 gallons per capita, a 
saving of 90 gallons per capita per day, without allowing for the 
natural increase in consumption. At present only 60 per cent of 
the city has been covered by the survey. 

The actual reduction is approximately 53,000,000 gallons daily 
when corrected for the natural yearly increase. Of this saving, 
about 10,000,000 is due to underground leakage actually located 
and stopped, none of which appeared on the surface. The remain- 
ing reduction was accomplished by systematic house-to-house in- 
spections, made in connection with pitometer district gaugings. 

In organizing the work, the city was laid out into ten sections; 
each section was divided into six to ten districts. The water was 
measured by the pitometer in each district, and from the legitimate 
uses and other conditions in the district, it was determined whether 

or not a reasonable amount was supplied. The work was started 
_ with eight inspectors, and was done under the supervision of one 
engineer. During the past Summer forty inspectors have been on 
the job, four gangs in the day and two gangs at night, and four 
engineers in charge of the work. 

The reduction in waste will mean a great deal more to Buffalo 

_ than was at first anticipated. During the year ending June, 1918, 
the city used 61,000 tons of coal. The Fuel Administration has 
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WATER WASTE SURVEY IN BUFFALO 


looked the plant over and limited the amount of coal that it will 
allow Buffalo to use to 50,000 tons for this year. Buffalo has tw o : 
pumping stations, each of 150,000,000 gallons capacity. The daily — 
consumption is now well within the range of one station. They 
have shut down one station for a period of several days and expect _ 
soon to shut it down permanently, which will save over 1,000 tons — 
of coal a month. , 
As to the permanency of the reduction in house waste, it is 
not possible to make predictions at present. Underground a 
amounting to 10,000,000 gallons a day was due principally to leak- 
ing servives. There were found 89 corporation cocks leaking badly, 
about 90 per cent of them being ‘unfinished supplies.’”’ On one 
block the leakage amounted to 750,000 gallons a day from nine ~ 
unfinished supplies. Another cause was blown joints; there were 
found 21 blown joints and 10 broken mains. The broken mains | 
were the biggest source of loss per leak. 
Hopper bottom and anti-freezing types of closets are a source of 
great waste in the poorest sections. The rate has recently been 
_ raised on this type of closets from $3 to $10 per year, in an effort to 
abolish their use. It is hoped that an ordinance will be passed 
permitting the city to meter a service wherever it finds no other 
_ means to control waste. 
ty 
DISCUSSION 


W. W. Brusu: The question as to whether taps should be made / 
and services laid to the curb line at the time water mains are in- J a 
_ stalled to supply buildings which will later be erected, and thus | 
prevent subsequent cutting of pavement, is one which is raised 
from time to time in the majority of communities. Cities which — 
have adopted the policy of placing taps and laying services in ad- 
vance of building demands, such as Chicago and Buffalo, have 7 
- experienced very extensive and serious leakage from the unused € te 
service pipes. In the speaker’s opinion the advantages of such a —™ 
system are far outweighed by the disadvantages. He was rather — 
surprised at the information given by the author as to the deteri- : 
oration and ultimate failure of the metal in the service cocks. He — 
had previously supposed that the leakage which would develop 
from unused services would be outside of the corporation cock. — 
_ Buffalo’s experience with the leakage through the corporation cock 


; 


is one which must be due to the character of the water, and it would | 


_ be interesting to learn whether similar deterioration has been expe- 


rienced in Buffalo with the meters. 

New York City has recently started a house to house inspection 

to reduce the waste of water. The methods followed are in general 
those which were successfully adopted in similar inspections made 
at various times during the past seven or eight years. In the bor- 
ough of Manhattan alone some 150,000 leaks have been reported. 
The consumption in the city increased largely over that recorded 
before the Catskill supply was made available. Catskill water has — 
been generally used to supply the city since the early spring of 1917. 
The consumption this year has averaged about 70,000,000 gallons 
daily more than that of a year ago, which is an increase of 15 per 
cent. During the severe cold of last winter, the increase in con- 
sumption averaged over 100,000,000 gallons daily, that for the 
month of February being 118,000,000 gallons daily. Had it not 
been for the very large volume of available stored water held in 
the Kensico reservoir, the abnormal demand of the winter months 
could not have been met by the Catskill system. This system is 
now being overdrawn to an extent of about 1,000,000,000 gallons 
per month. Such overdraft must be stopped, either through the 
saving of water now wasted, or through the pumping of water, by 
the utilization of the pumping stations which have been placed in 
reserve since the Catskill water was made available. In New York 
it is believed to be possible to save water by house to house inspec- 
tion at an average cost of less than $5 per million gallons. To pump 
water at present prices for labor and material would cost about 
$25 per million gallons, without making any allowance for interest 
or sinking fund charges. The economy of saving water rather than 
pumping it, is evident. The author should tell what the financial 
saving has been in Buffalo. 


A. W. CuppreBack: At the East Jersey Water Company’s plant 
at Little Falls, the capacity is being increased about 20 per cent to 
take care of any possible repetition during the coming winter of the 
conditions of the winter of 1917-1918. The meters in Paterson are 
also being increased about 20 per cent. If this is done 85 per cent 
of the services will be metered; in Passaic 75 per cent are metered 
and it is hoped to raise this to 100 per cent during the year. The 
work has been delayed by difficulty in obtaining meters. So far as 


4 
vo 


- Jersey City is concerned, no steps have apparently been taken to 
_ increase or conserve its water supply, and that city may have to 
draw on Newark or Little Falls during the coming winter. 


| 
E. D. Case: It is rather difficult to state what has been the finan- — 

cial saving in Buffalo as a result of checking waste, because the __ F 

actual net saving cannot be determined until the work is completed, =—_—- 

in the Spring. The commissioner estimates an annual saving of ; 7 

~ $130,000 when one pumping station is shut down. The survey will 

probably cost the city about $100,000 for city labor and engineering 

services, inclusive. 
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CONSTRUCTION OF A CREEK CROSSING! 


Joun F. Meap 


Bayside, in the Borough of Queens, New York sien is supplied 
_ by a 12-inch main crossing Alley Creek, a navigable waterway with _ 
a channel about 35 feet wide. For a distance of about 100 feet on 
each side of the channel, the ground is marshy, and the mud is 40 _ 
to 50 feet deep, without any solid ground. A 12-inch cast-iron 
- flexible-joint pipe was originally laid across the creek. This line 
continually leaked. While the department spent considerable money 
in making repairs, the leaks would start and steadily increase in 
their volume. 

The department then planned to lay a 12-inch main on pile foun- 
dations to the sides of the channel and drop under the channel 
with an 8-inch wrought-iron pipe supported on piles in the channel, 

7 feet below low water. The approximate cost of this work was _ 
estimated at $5000. Bids were received and, although there was | 
competition, the lowest bid was $7800. The Commissioner and the 

Chief Engineer of the department decided that this was an exorbi- 

tant figure, and decided to do the work by department labor. It 
was estimated that it could be done within $3000. A gang was 

_ organized for this work, consisting of two calkers and six laborers. 

It being a very difficult and awkward place to use a pile driver, 
it was decided to put in the piles by the use of a jet. It is a well 
known fact that putting piles in sand by the use of a jet is a very 

. - economical and efficient method, but it is not generally practiced in 
mud. It was soon found that there was no trouble in putting the 
piles down, but there was difficulty in keeping them down, as the 
_ water would soften the mud and the piles would rise before the mud 
_ settled and held them. This was overcome by using less water and 
_ putting the pile down part way with a jet and then tapping it a few 
feet with a large ram, thereby holding the pile until the mud had a 
chance to settle back around it and make it firm. 
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The next problem was to put piles in the channel and place the © . 
supports on them, without the use of a diver. The design for the mL 
support of the pipe in the channel consisted of piles driven about 
3 feet apart and connected with a wrought-iron U-strap which sup- sits 
ported the pipe between the two piles. The department drove the | 
piles to low water, put the U-strap on, making a hinge in this strap, 7 
_ then drove the piles into the mud below the channel by using fol- 
lowers so that the U-strap was to the grade to which the pipe was to 
be laid. Three sets of these supports were put in the channel. 
The wrought-iron pipe was made up the proper length with 90 
_ degrees bends at the ends and the uprights connected. It was then 
pulled across the channel and lowered on the mud on the proper 
line; then by the use of jets the pipe was washed down until it rested 
on the supports. This method of doing the work proved very suc- 
cessful, with the result that when the entire job was completed the © 
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actual cost to the city was $2500 for work for which the lowest bid 
was $7800. 
In carrying out work it is the little things that very often give 
considerable trouble. In the construction of pipe lines, especially 
in the country districts, considerable trouble is often encountered 


_ running into pieces of bad and marshy ground. Considerable ex- 

‘pense is incurred in the use of sheeting, pumping, building coffer 
dams, etc. It occurs to the author that an easy method to lay a 
pipe line across any reasonably short space of muddy or marshy 
ground, instead of excavating, would be to drive piles with wrought- 
iron U-strap supports to the proper grade, lay the pipe in proper 
alignment, and by the use of jets wash it down until it rests on these 
supports. 
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A STUDY OF WATER SUPPLY FOR BUDGET PURPOSES 


By Wiiu1am W. BrusH 


Money for carrying on the public works of the city of New York 
is appropriated by a budget system. The various departments — 
submit detailed estimates of the sums they desire and the reasons © 
for requesting this money at the time, and the appropriations are © 
made, or not made, for these items by the officials in charge of the — 
city’s finances. The operation of the water works of the city calls _ 
for a very large appropriation and as various alternative sources of 7 
supply are available for parts of Greater New York, the engineering _ 
recommendations regarding the budget must be based on a variety 
of factors which have little significance in cities supplied from a 
single source. 

Sources of supply. The city is supplied from five systems, (1) 
the Catskill; (2) the Croton; (3) the Brooklyn; (4) the Queens; (5) _ 
the Richmond. 

The Esopus watershed on the Catskill system has an area of 257 
square miles and during a succession of very dry years such as occur © 
once or twice in a century it will probably yield 250,000,000 gallons” 
daily. The records from 1907 to 1917 inclusive indicate that it | 

- would have been safe to count on 375,000,000 gallons daily. The 
_ Ashokan reservoir in which the runoff of this watershed is im-— 

- pounded holds 127,000,000,000 gallons and on June 1, 1918, there _ 

was stored in it 113,602,000,000 gallons. 

The Catskill aqueduct leading from the Ashokan reservoir to the © 

Kensico reservoir has a capacity at present of 375,000,000 gallons — 
_ daily. It is a mere coincidence that this capacity is the same quan- — 
tity as the average runoff of the Esopus watershed in recent years. _ 
From the Kensico reservoir to the Hillview reservoir the Catskill 
aqueduct has a capacity of about 500,000,000 gallons daily. : 
_ The Kensico reservoir has a watershed of 22 square miles and — 
_ during a year of average rainfall this watershed will furnish about | 
4 20,000,000 gallons daily. If there is neither increase nor decrease 
= in the amount of water stored in the Kensico reservoir, there is thus — 
60 
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available at the outlet of the reservoir about 395,000,000 gallons 
daily under average conditions. The reservoir holds 29,200,000,000 
gallons and was constructed to provide a reserve supply near the 
city in case of emergency or when it is necessary to shut down the 
Catskill aqueduct leading to it from the Ashokan reservoir. It | 
should be full each spring, but the abnormally heavy draft during - 
the winter of 1917-1918, due to protracted, very cold weather, = 
depleted the quantity of stored water somewhat. If the reservoir is 
to be full on December 31, 1919, about 12,000,000 gallons daily 
must be added to it, using the condition of the reservoir in the 
early summer of 1918 as a basis of the estimate, and if this storing 
of water is done the available supply from the reservoir while this 
is going on is not over 383,000,000 gallons daily. 

The Croton watershed with the existing reservoirs has a safe min- 
imum runoff of 336,000,000 gallons daily and an average runoff of a 
little more than 400,000,000 gallons daily. The old and new Croton 
aqueducts have a combined capacity of about 390,000,000 gallons . 
daily. During the early part of the summer of 1918 the draft on = 
this system was about 190,000,000 gallons daily. 

The Brooklyn system has a normal yield of about 150,000,000 
gallons daily. No water has been drawn from it since early in 1917 
but the system can be put in operation again at any time. The 
Queens system consists of two small plants with a combined yield 
of 6,000,000 gallons daily. They are not in service now but can be 
made ready for operation in a short time. The Richmond system 
comprises six small plants with a combined capacity of about 14,000- 
000 gallons daily. These are now being held in reserve. 

The total capacity of the water works of New York is, therefore, 
about 955,000,000 gallons daily, and in June, 1918, only 63 per cent 
of this was being used, namely, 412,000,000 gallons from the Cat- 
skill system 5,000,000 galions from local sources and 190,000,000 
gallons from the Croton system. 

Consumption. Studies of the consumption during 1917 and 1918 
indicate that if no change is made in the pressures and no special 
measures to check water waste are taken in 1919 the average con- 
sumption during the first half of the year in the districts now sup- 
plied with Catskill water will be 442,000,000 gallons and during 
the last half 454,800,000 gallons daily, while in the districts now 
supplied with Croton water the average draft will be 194,000,000 


gallons daily during the first half of the year and 200,200,000 
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gallons daily after that. The average for the entire city and 
year is estimated at 645,500,000 gallons daily. If a change is 
made in the districts supplied with Catskill water, if more measures 
are taken to check waste or if weather conditions are abnormal, 
these estimates of the draft during the current year will of course be 
inaccurate. The amount of water stated is considered a minimum 
and must be provided if the conditions during the year are as assumed. 

In February, 1917, the Department of Water Supply, Gas and 
Electricity issued a circular stating that as rapidly as possible the 
new Catskill supply would be introduced in districts of which the 
boundaries were described. This supply is under considerably 
higher pressure than the Croton supply then in use, and household- 
ers were advised to have their plumbing overhauled to meet the 
new pressure conditions. In thousands of buildings pumps were 
then in use to force water to the upper stories, or large tanks at the 
top of the buildings were allowed to fill slowly during the night, 
when the normal use of water was small, and serve as reserve sources 
of supply for the daytime demands. Such service was unsatis- 
factory and it was considered desirable to furnish Catskill water 
under sufficient pressure to force it to the top story of the normal 
type of building in the district where the pressure conditions were 
worst. This proposed increase in pressure has been carried out only 
in part. About 29,000,000 gallons daily were furnished during last 
summer in this district from the Croton supply and about 15,000,000 
gallons from the Catskill supply delivered against Croton pressure to 
raise the Croton’s hydraulic gradient in lower Manhattan. The only 
way to give the desired increase in pressure throughout this district 
is to pump the Croton supply or replace it by Catskill water. If such 
a change in pressure is made by either of the possible methods it 
must be carried out slowly in order that the distribution system as 
well as the plumbing in private premises may be prepared for it. 

From what has been stated it is evident that New York has a 
large surplus of water available for several years to come. The 
business problem is whether it is better to furnish more water as 
the demands increase or to carry out a careful inspection of all 
premises receiving unmetered water, and what pressure shall be 
used. These features of the administration of the department 
were studied and the following conclusions were reached in June, 
1918: 
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A gradually increasing reduction in the waste of water, reaching 
a maximum of 83,000,000 gallons daily at the end of a year’s work 
may be obtained through employing 126 inspectors and clerks to 
examine all the unmetered premises supplied with Catskill or pumped 
Croton water. This work was estimated to cost about $130,000 and 
if continued for eighteen months $195,000. In this way the deple- 
tion of the Kensico reservoir would be ended by the close of 1919 
and enough Catskill water would be available to permit its extension | 
into the areas where it had been promised but not delivered or to 
reduce considerably, the pumping of Croton water. The cost of 
this waste reduction would be about $5.92 per million gallons up to 
the close of 1919 and about $4.29 after that date. 

Another method of meeting the business problem would be to 
operate additional pumping stations so as to furnish more water 
under adequate pressures for the buildings of normal height. About o 
30,000,000 gallons a day would have to be pumped at the Jerome _ 
Avenue Station in the Bronx and about 31, 000, 000 gallons at the — 
Brooklyn stations. This would cost about $12.23 per million gal- 
lons, nearly three times the expense of pears ot the same — 
purpose by waste prevention measures of a thorough sort. 

Another method of meeting the situation would be to replace the 


Catskill supply furnished under a pressure of about 45 pounds, on an 
average, with the Croton supply under a pressure of about 26 pounds. — 
This would make it necessary to begin pumping in the houses again, : ot 


and while it would reduce the consumption of waterit would bean 


- unpopular method. The adoption of a thorough system of waste 
prevention by inspection of ‘unmetered premises was recommended 
as the best method of meeting the conditions which were anticipated. 
The statements made in the preceding portion of this paper give 
an outline of the water supply conditions of New York in June, 
1918, and a knowledge of these conditions is desirable for a study 
of the economic problem of whether any provision should be made 7 
in the 1919 budget for additional pumping, when the need for such 
provision depends upon the rainfall and runoff in the Catskill w ater- 
shed during that year being below the average. 

Should the budget provide for additional pumping? It has already 
been stated that the capacity of the Catskill aqueduct from Ashokan 
reservoir to Kensico reservoir is 375,000,000 gallons daily, and the 
1919 budget is based on the continuance of a draft of about this 
quantity from the watershed. It also provides for a continuance ,. 7 
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of a local supply of about 5,000,000 gallons daily from two of the 
pumping stations on Staten Island, furnishing water to the Borough 
of Richmond. 

During the years 1907 to 1917 inclusive the smallest runoff, cor- 
rected for the present reservoir conditions, was 322,000,000 gallons 
daily and the largest runoff was 427,000,000 gallons daily, the aver- 
age being 379,000,000 gallons daily. If the reservoir had been full 
in the spring of 1907 it would have been possible to maintain a 
draft of 375,000,000 gallons daily from that date-to the beginning 
of 1919 without reducing at any time the quantity of water stored 
below 34,000,000 gallons this being 25 per cent of the full capac- 
ity. It should be noticed, however, that this draft of 375,000,000 
gallons is about 125,000,000 gallons daily above the runoff of the 
Catskill watershed if the latter experiences a series of dry years such 
as produced minimum runoff conditions on the Croton watershed in 
1880. If the city had no other available sources of supply it would 
be hazardous to exceed materially a draft of 250,000,000 gallons 
from the Ashokan reservoir, but as there are large substitute supplies 
it is safe to continue the draft of 375,000,000 gallons so long as the 
water is available, bearing in mind always that this draft is 50 per 
cent greater than the safe mimimum supply based on the runoff 
data of the Croton watershed. 

Although many men have studied exhaustively the rainfall records 
in various parts of this country and Europe, they have been unable 
to determine any law which will permit a fairly accurate estimate 
to be made of the amount of future rainfall in a year. In 1903 this 
section of the country experienced a rainfall of about 9 inches 
within twenty-four hours. This exceeds the normal rainfall in sixty 
days. Such a rainfall on the Catskill watershed would be equiva- 
lent to 36,000,000,000 gallons runoff, or enough to maintain the rate 
of draft in the fall of 1918 for a period of three months. 

The Catskill water is delivered to the city under a head equivalent 
to an elevation of 295 feet above sea level, sufficient to permit a 
gravity delivery to nearly all of Manhattan, all of the Bronx and 
Brooklyn, and all but a very small part of the remaining two bor- 
oughs. Within the areas where the ground is too high for the direct 
Catskill pressure the consumption is only about 10,000,000 gallons 
daily. Before the introduction of this supply the city was operat- 
ing 42 pumping stations at an annual cost of about $1,500,000. 
This cost would be increased 50 per cent today, on account of the 
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Fic. 1. RUNoFF AND Drart CURVES FOR. THE CATSKILL (Esopus) WATERSHED 


A, Runoff from the Catskill (Esopus) watershed for the driest year since 
1907, which was 1911. 

B, The average runoff from 1907 through 1917. 

C, The runoff for 1918. 

D, The estimated runoff assuming the low runoff conditions which occurred 
on the Croton watershed in 1880. 

E, Draft line for 375,000,000 gallons daily. 

F, Draft line for 156,000,000 gallons daily, which is the difference between 
a draft of 375,000,000 gallons daily and a possible additional pumpage of 219,- 
000000 gallons daily. 

G, Draft line assuming a storage of 51,000,000,000 gallons on January 1, 
1919, and a draft of 375,000,000 gallons daily. 


Note: 138,400,000,000 gallons yearly = 379,000,000 gallons daily 

a on 136,700,000,000 gallons yearly = 375,000,000 gallons daily 

80,000,000,000 gallons yearly = 219,000,000 gallons daily 

7 - 57,000,000,000 gallons yearly = 156,000,000 gallons daily 
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increased cost of supplies and labor. There are now five pumping 
stations regularly operating; thirteen have been partly dismantled 
and boarded up. The remainder have skeleton crews and are ready 
for operation in emergencies, in most cases. Assuming that the 
draft of Catskill water is reduced to the estimated minimum safe 
supply of 250,000,000 gallons daily, it would be necessary to pump 
about 125,000,000 gallons daily, which would entail an annual addi- 
tional expense of about $1,000,000. If any part or the whole of 
such pumping can be avoided by a draft on the Catskill supply, this 
should be maintained up to the point where its continuance will 
jeopardize the sufficiency of the water supply of the future. 
Attention is called to figure 1, showing the runoff and draft from 
the Catskill watershed. It will be seen that the draft line of 375,- 
000,000 gallons daily is within the average runoff curve but the 
draft line cuts through the 1918 runoff curve in August. If during 
1919 there should be a runoff as low as that based on the 1880 Croton 
runoff, it would be necessary to start full operation of all pumping 
stations in July in order to retain 20,000,000,000 gallons in the Asho- 
kan reservoir at the close of the year. This quantity is the smallest 
amount of reserve stored water with which the city should be con- 
tent. The operation of all the pumping stations would furnish 
about 219,000,000 gallons daily in excess of the present yield and, 
on the basis of present prices, would increase the department’s 


bd 


7 expenses above those used in the budget by about $150,000 per 
month. It seems unnecessary to request a budget appropriation to 
s meet such a contingency, which, if it arises, is better classed as a 


_ foreseen but unlikely emergency. The provision of sums to meet 
these unlikely conditions would swell appropriations above the 


_ > amount which experience shows to be necessary. It is much better 
= to point out to the city’s financial authorities that under exceptional 


conditions a decided increase over the budget requests may be 
necessary than to make such requests with the knowledge that 
probably the increased sums will not be needed. 


FURTHER STUDIES ON GENTIAN VIOLET AS A MEANS 
OF ELIMINATING SPURIOUS PRESUMPTIVE 


TESTS FOR B. COLI IN WATER* 

By Ivan C. HALL AND LILLIAN JORDAN ELLEFSON 
The authors’ first series of tests showed that the addition of 
1-100,000 gentian violet to lactose broth inhibited 94.5 per cent of 
the spurious presumptive tests for B. coli caused by non-significant 
gas forming anaerobes (and aerobes) in water. Increasing the con- 
centration to 1-20,000 only raised the efficacy of inhibition, in the 
case of samples heated to eliminate non-sporulating organisms, to 
95 per cent. As to unheated samples, 75 and 81.8 per cent yielded 
B. coli with gentian violet as against 57.1 and 59.1 per cent with- 


out the dye, as shown in the accompanying data abstracted from a 
former paper.!. The authors were later definitely able to raise the 


POSITIVE 
PRESUMPTIVE PER CENT 
TESTS 


21 12 57.1 
20 15 5. 


44 26 
33 27 


percentage of successful isolations of B. coli through the use of 
1-100,000 gentian violet in the plating medium to inhibit aerobic 
spores, as shown in the following, also taken from the former paper.! 


POSITIVE 
PRESUMPTIVE 
TESTS 


B. COLI 


ISOLATED 


20 90. 
19 90. 


*The use of gentian violet to eliminate spurious presumptive tests for 
B. coli in water was discussed by these authors in the Journal of Bacteriology, 
July, 1918. The numerical references in the paper are to the bibliography 
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Gentian violet, 1-100,000.............. 
Gentian violet 1-20,000............... - 

Gentian violet 1-20,000............... 21 a 


This is fairly satisfactory since B. coli can not be anticipated in 
every positive presumptive test at this concentration of gentian 
violet, owing to the fact already shown by the authors that certain 
few anaerobes are not inhibited even by a concentration of 1-10,000 
gentian violet in the media. 

The authors had hoped, however, to reach 100 per cent efficiency 
in isolation of B. coli from positive presumptive tests through in- 
creasing the concentration of gentian violet. The present paper 
points out the realization of this, but also notes the inhibition of the 
colon bacillus itself at concentrations sufficiently high to inhibit all 
other gas-forming organisms. In attempting to avoid completely 
spurious positive presumptive tests, the difficulty of false negative 
presumptive tests has been encountered. The results have involved 
the examination of forty samples of water with varying corcentra- 
tions of gentian violet in the lactose broth presumptive test. These 
samples were selected by Mr. Frank Bachman of the Bureau of 
Sanitary Engineering of the California State Board of Health from 
routine water examinations yielding positive presumptive tests. 
The authors express their indebtedness for this courtesy. That 
they have obtained negative results in some cases with samples 
originally positive is due to delay intervening between the respective 
tests and consequent loss of gas-forming organisms. 

Double strength broth was prepared containing 2 per cent lactose, 
2 per cent Difco peptone, and 1 per cent NaCl in meat infusion. 
The reaction was titrated to 1 per cent normal acidity. This was 
divided into four lots, to which were added sufficient Griibler’s gen- 
tian violet to give concentrations of 0, 1-4500,—1, 1500, and 1-500, 
respectively. The media were tubed in Durham fermentation tubes 
and sterilized in an Arnold sterilizer by the intermittent method. All 
other media used were standard, except the litmus lactose plating 
agar, which contained an addition of 1-100,000 gentian violet for 
the reasons mentioned in the authors’ first paper. 

Water samples for the presumptive test were thoroughly shaken. 
Ten cubic centimeters were then added to each tube so that the final 
concentrations of ingredients were 1 per cent lactose, 1 per cent 
peptone, 0.5 per cent NaCl and 0, 1-9000, 1-3000, and 1—1000, respec- 
tively, of gentian violet. The tests were incubated at 37°C. and 
examined daily for gas production up to five days. 

Upon the appearance of gas the lactose broth culture was streaked 
upon one-half the surface of a gentian violet lactose agar plate. 
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(These plates are best prepared the day before by pouring sterile © 
media into sterile Petri dishes with tile covers to absorb excess mois- — 
ture. Drying over night at room temperature minimizes spread-— 
ing, but excessive evaporation after twenty-four hours must be | 
prevented, e.g., by exchanging the tile cover for a sterile glass cover.) — 
The streaked plates were examined on twenty-four and forty-eight — 
hour incubation at 37°C. for acid colonies. If acid colonies ap- 
peared, or if, in case none appeared, the colonies resembled B. coli, 
they were picked to the unused half of the plate. At the end of 
another twenty-four hours incubation, Gram stains were made and > 
Gram-negative, non-sporulating bacilli confirmed, if possible, as — 
colon bacilli by the usual tests on lactose broth and gelatin at 37°C. | 

In this procedure the authors have somewhat exceeded the pre- 
scription of the Standard Methods for the Examination of Water 
and Sewage of the American Public Health Association for 1917 in 
the matter of time of incubation and in the addition of the gelatin 
test. Also, as in their first series,! a second trial was made, if 
the first failed to yield B. coli, by subculturing from the original 
presumptive test to a new tube of similar media, and so repeating. 

After the examination of 14 samples the method was modified in 7 
that the criterion for plating a sample was taken to be either the — 

_ production of gas or the appearance of growth alone in the presump- | 
tive test, as determined by comparing the turbidity of the inoculated — 
tube with an uninoculated tube of the same dilution of dye. Fol- | 
lowing this technic 26 more samples were examined. Inspection of _ 
the original data, however, shows that in but two instances were _ 
colon bacilli isolated from presumptive tests showing growth only 
(which was delayed till the third day), once from a dilution of 
gentian violet of 1-3000 and once from a dilution of 1—1000. 

The first appearance of gas in the presumptive tests of this series 
is shown in table 1. The summary of the complete data is made as 
if gas were, as usual, the only criterion for plating, eliminating the 
two cases above mentioned from table 2. 

The data of table 1 support the authors’ earlier findings that we — 
are justified in waiting at least four days before calling a presump- 

tive test negative. There is no question that increased concentra- 

; tion of gentian violet in the lactose broth presumptive test markedly 

_ delays gas production by the colon bacillus. 

It is apparent from table 2 that the formation of gas in seven of 
the above samples must be attributed to organisms other than — 
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— eolon bacilli. The relatively large proportion of non-acid plates 
= which B. coli was isolated is at once disappointing and instruc- 
tive; it is distinctly higher than in the author’s first series! Such 
plates are frequently to be explained by the co-existence of highly 

- proteolytic bacteria which neutralize the acid produced by colon 


TABLE 1 


First appearance of gas in presumptive tests in 40 samples of water tested for gas 
production in varying dilutions of gentian violet lactose broth 


NUMBER OF SAMPLES WITH 


BE PLE . 
NUMBER OF SAM 8S WITH B. COLI ISOLATED B. COLI NOT ISOLATED 


lday | 2days | 3days | 4days | 5days Total lday 2days | Total 
0 20 8 2 30 3 4 7 
1-9000 8 13 3 1 25 = 
1-3000 8 5 1 14 
1-1000 1 1 Aen 
TABLE 2 


_ Isolation of B. coli from 40 samples of water tested for gas production in varying 
dilutions of gentian violet lactose broth 


SAMPLES FROM WHICH B. COLI WAS ISOLATED 


PRESUMPTIVE TEST AND IDENTIFIED 


ACID 
PLATES 


Dye Gas Ist trial |2ndtrial| Total Rate 


0 37 1 21 27 3 30 | 0.818 | 1.000 
1-9000 25 10 12 2 2 25 | 1.000 | 0.833 
1-3000 14 12 10 15 1 14 | 1.000 | 0.466 
1-1000 1 7 1 1 0 1 | 1.000 | 0.033 


Colon samples at given concentrations of gentian violet 


Ratio a = - - 
ny Samples showing gas in presumptive test at given concentra- 
tion of gentian violet 
Ratio b = 


Colon samples at given concentration of gentian violet 


Highest number of colon samples at any concentration of 
gentian violet of the series 


bacilli; most of these organisms being non-lactolytic, alkali produc- 
tion proceeds from the beginning of their growth on the plate. Un- 
fortunately, they are among the worst spreaders and being Gram- 
_ negative are not inhibited by gentian violet as are the Gram-positive 
_sporulating spreaders of the hay bacillus group. From such plates 
_B. proteus, B. pyocyaneus and B. fluorescens are frequently obtained. 
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- gentian violet has been found to be due to B. proteus and other © 


increases the total number of samples from which B. coli can be 


and 


acid colonies is that the organisms have exhausted the sugar and 
begun their attack upon the protein of the media with resultant 
alkali formation. It is true that reversion from the acid phase to 
the alkaline phase can be delayed by increasing the lactose content 
from 1 per cent to 2 per cent, but there need be no trouble from this 
source alone if the plates are examined on twenty-four hours incuba- — 
tion. For most strains of colon bacilli 1 per cent lactose is in excess _ 
of their fermentative capacity unless some means is taken to prevent 
the accumulation of acid. 

The further difficulty of ‘attenuated’ B. coli presents no ade- 
quate explanation or solution. 

The use of gentian violet in slightly increased concentration in 
the presumptive test excludes the production of gas by samplesfrom | 
which B. coli can not be isolated, but especially in somewhat greater ie 
concentration prevents the production of gas by certain samples in © 
which B. coli is unquestionably present. A dilution of 1-1000 © 
gentian violet almost completely inhibits growth and gas production. | 
In most instances growth without gas formation in the presence of __ 


gelatin liquefying, Gram-negative, non-sporulating microorganisms. 
These appear to be somewhat more resistant to gentian violet than 
B. coli. 

The upshot of the matter is, therefore, that gentian violet can 
not be used in as strong a concentration as 1-9000 in the lactose 
broth presumptive test without danger of inhibiting some colon 
bacilli; something near this is necessary to inhibit all spurious tests, 
however. 1-20,000 gentian violet, on the other hand, not only 


isolated, but reduces the number of spurious presumptive tests to a — 
minimum. 

The condition can perhaps be best displayed graphically by 
computing the ratios, 


(a) 


Colon samples at given concentration of gentian violet 


Samples showing gas in presumptive test at given con- 
centration of gentian violet. 


Colon samples at given concentration of gentian violet 


(b) 


Highest number of colon samples at any concentration of — 
gentian violet of the series. 
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Another explanation of plates containing B. coli failing to show 
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from the average data of tables 2, 3 and 4 and 5 of the author’s first 
paper! and table 2 of the present communication, and plotting 
+. these against the logarithm of the dilution as in figure 1. The data 
plotted are shown in table 3. 


= Rotio (a) _Colon bacillus _ samples 


1.00 


0.90 


0.80 


i 5 4 
1: 100,000 1: 20,000 9000 1: 3000 
Gentian Violet 
Fig. 1 


TABLE 3 


DILUTION* LOGARITHM RATIO 
GENTIAN VIOLET THE enewen (a) (b) 
0 
5. 0.7: 
0. 
9,000 3.95 1.000 0.833 7 
3,000 3.48 1.000 0.466 
1,000 3.00 1.000 0.033 


*Number of cubic centimeters of broth in which 1 gram of gentian violet 
would be found. 


The curves obtained do not coincide in any part. Where they 
cross between a dilution of 1-20,000 and 1-9000 certainly indicates 
_ the maximum concentration which should be used; the optimum _ 
lies between 1-20,000 and 1-100,000, probably nearer 1-100,000, 
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but some spurious presumptive tests must be expected at this con- 
centration. Either of these concentrations can be relied upon to — 
give results superior to the standard test, however. 

It is interesting to note that the number of colon bacilli implanted — a 
in lactose broth is a factor in the inhibition of gas production by 
gentian violet; inhibition occurs only when the number of organisms _ 
implanted is small. Meat infusion broth with 1 per cent Difco 
peptone, 0.5 per cent NaCl, 1 per cent lactose and 1-1000 gentian _ 
violet was sterilized in Durham fermentation tubes, 9 cubic centi- | 
meters each. The control set of media was identical except for the — 
dye. From a twenty-four hour broth culture of B. coli, dilutions in 
sterile 0.85 per cent NaCl were made, ranging from 1-10 (10~'), 
1-100 (10-2), 1-1000 (10-%), ete., to 10-?°. One cubic centimeter 
of each dilution was added to a culture tube containing 9 cc. of the © 
lactose broth. The tubes were incubated at 37°C. and examined for 
gas daily for three days. From each tube showing gas there was e 
subcultured on plain agar a characteristic coliform bacillus. The 
results are shown in table 4. . 

It is most important to record that similar tests with glucose 
broth failed to show any such inhibition by gentian violet in the | 
same concentration. This point is shown in table 5, which is the | 
record of a carefully controlled experiment using the same culture 
dilutions for implantation of four sets of media as follows—glucose — 

_ broth with and without gentian violet, and lactose broth with and 
without gentian violet. In these tests the media were sterilized in 
the autoclave before the addition of carbohydrates which were 
sterilized separately by autoclave in 10 per cent solution in neutral 
distilled water, and added aseptically in proper proportion to make 
1 per cent solutions in the broth. Autoclave sterilization of 10 
per cent solution of carbohydrates in neutral distilled water gives 
no evidence of hydrolysis and avoids the difficulties recently empha- 
sized by Mudge? and frequently encountered by every bacterio- 

_logist in the sterilization of sugar media. We feel that the above © 
procedure is preferable either to filtration as advocated by Mudge, 

or to a short sterilization at high temperature as prescribed by 

the 1917 Standard Methods. The latter especially has been seri- 
ously criticized by Hasseltine* as inferior to intermittent steriliza- 
tion in the Arnold sterilizer. 

Similar results were obtained repeatedly with meat infusion 

broth. Of various interpretations which suggest themselves, a 
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plausible one is that in the presence of glucose the dye is chemi- 
cally bound so that it becomes less active in the presence of even a 
small number of organisms. These results might appear to afford 
a basis for the assumption of carbohydrate-dye compounds anal- 


ogous to the protein-dye compounds, of which there can be little 
doubt if we are to accept the conclusions of such comprehensive 


TABLE 4 


Dependence of inhibition of gas production by B. coli in lactose broth upon the 
small number of organisms inoculated 


DILUTION ae GENTIAN VIOLET 1-1000 
OF CULTURE 
24 hours 24 hours 48 hours 72 hours 

10-1 0 0 0 0 
10-2 0 0 trace 0 0 faa 
10-8 0 0 trace 0 0 
0 0 0 
10-5 0 a 0 0 
0 0 Trace 0 haw 
10-" 0 0 Trace 
0 = 0 Trace 0 
10-$ 0 0 0 

16-5 0 — — 

0 — — 0 


*Positive in five days. 0 indicates gas production. 
The essentials of the above data were confirmed by repetition of the ex- 
periment. 


ss and investigations as those of Mathews,‘ Heidenhain,® 
: _ Mann® and Robertson,’ on this subject. A single failure to repeat 
the results of table 5 with meat extract broth in which no growth 
of B. coli could be obtained in either plain, glucose, or lactose broth 
_ with 1-1000 gentian violet may be taken to indicate that protein 
_ enters into the reaction, possibly in the form of glucosamin. otiad . 
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We may, therefore speculate somewhat as follows: a having © i 
no such ability as glucose of combining with gentian violet, leaves | . 
the dye free to act upon the bacteria in such a way as to prevent 
their multiplication. There is no evidence to show that inhibition 
of gas formation occurs without inhibition of growth, otherwise we 
might conclude that the sugar is rendered unavailable. In either 
case their is no noticeable precipitate in the medium such as is fre- 
quently the case in dye protein compounds. 

The introduction of large numbers of B. coli appears to overrule 
the inhibitive action of gentian violet in a dilution of 1-1000, and a 
delayed growth and gas production may occur with relatively small — 


TABLE 5 
Failure of inhibition of gas production by B. coli in glucose broth 


GLUCOSE BROTH LACTOSE BROTH 


DILUTION 
No gentian No gentian Gentian violet 1-1000 

violet 1-1000 violet 
24 hours 24 hours 24 hours 48 hours 


10-1 
10-3 
10-4 
10-5 
10-* 
10-7 
10-8 
10-° 
10-19 
19-1 
10-12 


| 


| 


0 indicates gas production. 


numbers of introduced bacteria. These phenomena might be inter- 
preted as due either to acclimation of the bacteria to the dye, for 
which Shiga’, and Fitzgerald and Mackintosh®, have separately 


of germicidal power by adsorption between certain individual 
bacteria and the dye, leaving certain other individuals free to 
multiply. 
Analogous to the action of lactose is that of agar, which belongs - 
_ to the group of colloidal polysaccharids, in the presence of which 
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hours 
0 0 0 a 
Trace 0 0 > 
Trace 0 0 = 
Trace Trace 
Trace Trae 
Trace 
at 
-_- presented evidence in the case of other organisms, or to reduction <a re 


both Gram-positive anaerobes, such as B. oedematis, B. botulinus, 
and B. welchii, and Gram-negative aerobes, such as B. coli, require 


_ more gentian violet for their inhibition. 
P< SUMMARY 


This paper extends the observation previously made showing the 
practical utility of a high dilution of gentian violet for eliminating 
spurious presumptive tests for B. coli in the lactose broth fermen- 
tation test of polluted water. It is shown that if the concentration 

of dye be sufficiently increased every positive presumptive test can 
be relied upon to yield B. coli, but the total number of positive 
tests is likely to be reduced. A low concentration of dye, however, 
_ yields a higher proportion of successful isolations of B. coli than 
the standard method, yet a certain low percentage of spurious pre- 
= tests must be anticipated. 
Glucose broth containing a high concentration of gentian violet 
is less inhibitive for B. coli than lactose broth, which leads to certain 
theoretical considerations involving the possibility of dye carbo- 


hydrate compounds analogous to dye protein compounds. = 
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SOME Li OF ELECTRICALLY OPERATED DEEP 


WELL PUMPS! 


By P. S. Brecuer Anp I. W. Fisk 


About a year ago the writers presented a paper before the Illinois 
Section of the American Water Works Association, setting forth the 
results of tests of pumping units at the plant of the Champaign- © 
Urbana Water Company, including a study of the operation of a 

- cam-type, motor-driven pump at various speeds above and below 
a —_ In the present paper are given the results of tests showing 
the performance of a crank-type, motor-operated pump of recent 

design for a wide range of speeds and for a considerable range of 
head for each speed. The pump is of the belt-driven double-action 
deep-well type; having a bore of 64 inches, a stroke of 18 inches 
and a speed of approximately 26 revolutions per minute. 

For the measurement of discharge, a calibrated orifice bucket was 
used and extreme care was exercised in getting accurate results by 
having one man watch the gage constantly, averaging the readings 
during each stage of the tests. The depth of water in the well was 

_ determined by means of an electrical contact device sensitive to a 

- variation of water level of 1 inch, and a polyphase rotating standard 

oa -_ watthour-meter made possible very accurate readings of power 
; intake of the driving motor in spite of the fluctuating nature of the 
load. All of this apparatus was fully described in the paper re- 

_ ferred to above, published in the Journat in 1917. 
- In order to investigate the performance of the pumping unit at 
various heads, a valve was inserted in the discharge pipe of the 


pump, and, by restricting the opening, it was possible to increase the | 
effective head against which the pump was operating, for each size | 
of pulley, i.e., for each pump speed. 

In table 1 are shown the complete experimental data and a few 
we of explanation should make clear the method of arriving at 


1 Read before the Illinois Section at Urbana, April 16, 1918. Certain tables 
and illustrations in the original paper giving details of the tests have not been 
reproduced. 
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TABLE 1 
Test of an electrically driven deep well pump 
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3.728 
3.81 
2.76! 
431 

| 
4.89 

5.49 >» 
5.51 g 
= 
4.77 | 6.36 
4.735] 6.35 : 
5.37 | 7.2 - 
5.39 | 7.225 

6.13 | 8.22 
6.92 | 9.28 

«6.9 | 9.25 
5.28 | 7.08 ia 

5.28 | 7.08 111.0] 14.3 | 4.305] 85.3 | 71.3 

| 7.96 109.2} 14.6 | 5.045] 86.0 | 73.7 

: 5.94 | 7.96 54 109.5 14.9 5.07 86.0 74 

6.72} 9.01] 54 109.4 | 14.0 | 5.895] 86.2 

7 6.74] 9.08] 54 109.5 | 14.3 | 5.905] 86.2 

7.57 |10.14 | 54 108.8] 14.1 | 6.7 86.0 
6.241838] 64 30.65 | 156.9} 147.0| 131.3] 15.7 | 5.21 | 86.1 
6.33 | 8.49] 64 30.8 | 157.0] 147.8| 131.3] 16.5 | 5.22 | 86.1 
7.051 9.45 | 64 30.6 | 185.0] 146.9| 128.5] 18.4 | 6.00 | 86.2 
7.06 | 9.465] 64 30.5 | 185.0} 146.4] 128.8] 17.6 | 6.01 | 86.2 
8.06 10.81] 64 30.8 | 216.3] 147.8] 127.5] 20.3 | 6.96 | 86.0 
8.00 10.72] 64 30.4 | 216.5} 145.9| 127.2] 18.7 | 6.95 | 86.0 
9.05 |12.13 | 64 30.8 | 246.5 | 147.8] 126.3] 21.5 | 7.86 | 85.8 
: 9.07 |12.17 | 64 30.8 | 246.5| Mmmm | 126.3] 21.5 | 7.86 | 85.8 
6.72 | 9.01 64.0 
6.75 | 9.05 64.3 = 
7.58 |10.17 65.0 
7.55 |10.12 65.2 
8.57 |11.50 65.8 
8.55 |11.46 66.2 
9.62 |12.90 66.0 a 
9.61 |12.89 66.2 
7.90 |10.58 177.0| 159.0} 18.0 | 6.70 
7.92 |10.60 178.0} 160.0} 18.0 | 6.73 
7.96 10.66 178.0| 160.5| 17.5 | 6.78 | 86.0 | 73.9 | 685 | 
8.85 |11.43 176.5 | 158.5| 18.0 | 7.67 | 85.8 | 78.0 | 670 
8.73 |11.68 176.5 | 158.7| 17.8 | 7.685| 85.8 | 76.5 | 66.0 
8.74 {11.70 176.5 | 158.8| 17.7 | 7.70 | 85.8 | 76.7 | 6.8 
9.98 [13.36 176.5 | 157.5| 19.9 | 8.82 | 85.0 | 77.7 | 66.0 
‘ 10.02 |13.42 174.2| 156.5| 17.7 | 8.77 | 85.0 | 77.0 | 65.3 i. 7 
11.30 |15.13 174.2| 155.5| 19.7 | 987 | 83.8 | 778 | 652 ‘ae 
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the results calculated from the data. The efficiency of the driving 
motor at normal voltage and frequency for various values of power 
intake was plotted and the mechanical power delivered to the pump 
could be obtained from this curve. The efficiency curve was ob- 
tained from careful laboratory tests of this particular motor and is 
not based on approximate data supplied by any manufacturer. In 
calculating the theoretical discharge, the full piston displacement 
was assumed, and the volume of the piston rod was neglected. 

The results for each of six different speeds were plotted separately 
so that it was possible to study the effect of changing head on pump 
performance for any speed. It may be observed in general that 
the speed of the pump did not change appreciably with a given 
pulley, except where the motor was overloaded. The motor 
used in these tests was an induction motor with short-circuited 
rotor, giving substantially constant speed up to full load. The slip, 
for each speed, increases with the head, apparently in a straight 
line relation, as might be expected, and, in consequence, the actual 
discharge falls off, approximately in a straight line, as the head 
increases. 

Regarding pump efficiency, it is of interest to observe that this 
item increases in all cases as the head is increased. This follows 
from the fact that, for a constant speed, the power delivered by the 
pump increases nearly in direct proportion to the head, while the 
losses in the pump change but little. The mechanical friction is 
approximately constant for a given speed and the slip increases more 
slowly than the discharge. The over-all efficiency curves were 
nearly parallel to the corresponding pump efficiencies because the 
driving motor has a flat efficiency characteristic, except that a 
falling off of over-all efficiency occurs at high heads on account of 
the considerable overload on the motor. 

After examining the curves for each speed, the data were assem- 
bled in a different manner to show all speeds with change of head 
in one group of curves, figure 1. It is seen in this figure that the 
speed of the pumping unit remains substantially constant for a 
given pulley, the greatest change being with the largest pulleys. 
The slip curves for various speeds, figure 1, are more or less alike, 
showing an increase with head, but they apparently do not increase 
with the speed for the reason that the water flows past the valves 
due to the head, or pressure, and independent of the speed. The 
broken line shows average slip for all heads. It should be borne in 
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mind that slip is obtained from the difference between theoretical 
and actual discharge. If an error of 1 per cent¥is made in the 
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Fig. 1. Curves oF PERFORMANCE OF CRANK-TyPE DousBLE-ACTION DEEP 
Wet Pump. Fiaures oN Curves SHow Size or Putuey USED 
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determination of each of these quantities, the error in slip may be 
greater than 3 gallons. So, in spite of the greatest possible care 
exercised in obtaining discharge data, the individual slip curves are 
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not entirely rational. The broken line, however, undoubtedly gives 
a reliable idea of the variation of slip with head. 

; The actual discharge curves, figure 1, fall off faster at high speeds, 
on account of overloading the motor. All are seen to be approxi- 
mately straight lines. 


Pump efficiency and over-all efficiency curves, plotted against 
head, are shown assembled in figure 2 and average efficiencies are 
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Fig. 2. Erricrency Curves oF CrRANK-TyPE WELL 
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given in table 2. There is an increase in pump efficiency, for a 
given head, principally because the slip does not increase appre- 
ciably with speed, and the over-all efficiency curves also rise with 
speed. 

Regarding the efficiency-head curves, it is evident that pump 
efficiency increases approximately in direct proportion to the head. 
As already pointed out, this is due to the fact that mechanical 
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friction is substantially independent of the head and slip increases “ 

slowly with the head. By plotting all the theoretical discharge os 

records in relation to head, table 3 can be derived from the curves — 


for the calculation of the average percentage of slip. a 


Although the head is increased from 160 to 240, table 3, or 50 
per cent, the average slip increases but 17 per cent, thus account- 
ing for the greatly improved pump efficiency at high head. ; 
Over-all efficiency curves, figure 2, are practically parallel to the ; 
pump efficiency curves, until the motor is overloaded. The nell oy 
used for these tests was 20 per cent overloaded with the 8-inch pulley 
and at 240 feet head. Obviously the over-all efficiency curve is 
dependent upon the size and design of driving motor, and the over- _ 
all efficiency curves should be practically parallel to pump curves in > 
all practical cases where the motor is not overloaded. ante Ty. : 


TABLE 2 
Average pump and over-all efficiencies 
160 180 200 220 240 
Efficiency, per cent 


A TABLE 3 
A verage theoretical discharges and slips 


Theoretical discharge, gallons per 


Slip, gallons per minute............. 14.8 15.6 15.9 16.4 17.4 
Average slip, percentage............ 10.88 11.5 11.738 123.15 12.95 


Throughout the range of speed and head, the pump operated _ 
smoothly. There was no knock or hammer, even though the pump 
was considerably overloaded at high head and speed. Just what 
the effect would be for long-continued operation at high head and 
: ra speed has not been determined at the time this paper is presented. 7 

It is safe to assume, however, that the pump up-keep would be — 

- considerably increased under conditions of maximum loading. For o- 

a large increase in speed, the authors believe this added repair | 
expense would more than offset the gain in efficiency. In case _ 
several electrically operated pumps are in use in any system, the 
pumps may be paige ne up to einen in case one pump fails. 
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for greater output for a considerable period of time. Also, where 
deep wells are difficult to locate and drill, it is evident that the cost 
of pumping per thousand gallons might be less and thus the over-all 
plant efficiency might be increased by operating at speeds above 
normal instead of drilling and equipping new wells. 

It might be well to call attention, at this time, to the possibility 
of meeting some very difficult war conditions by increasing the 
speed of pumps. While the development of some communities, due 
to war industries, may outgrow the pumping equipment, it is prob- 
able that delivery of this machinery will become increasingly diffi- 
cult; so that extraordinary measures must be taken by the water 
supply companies to give satisfactory service. Higher pump speeds, 
at least temporarily, may prove the solution of these acute problems. 
The increased efficiency of reciprocating pumping units at higher 
speeds is also of importance when the cost of coal and the necessity 
of saving coal are taken into consideration. 

Each individual case, of course, has its own solution, and in this 
article are given the results of tests made on one particular pump. 
These tests show results for average operating conditions, as they 
were made, not in a laboratory, but under working conditions in 
the field. The results should, therefore, be of interest to operators. 
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FINAL REPORT OF THE COMMITTEE ON DEPRECIATION! 


Depreciation, as ordinarily considered in the valuation of utilities, 
covers all of the losses in value that occur in the plant and property, 
or parts thereof, from all causes whatsoever. There are, therefore, 

a great many considerations entering into the total allowance for 
depreciation as above defined. 

Losses of value which are complete, and fully demonstrated by . 
proper abandonment or necessary replacement of the whole or a 2 
unit part of a property, are a matter of history and fact, and require 7 
only proper accounting to determine their occurrence and amount. 

Losses of value, which are partial or incomplete, always require 
prophecy as to future need, usefulness, and service, in order to 
properly divide that portion of the value which still exists from 
that which is lost. This function necessitates much more judg- 
ment than accounting. It requires the careful analysis of a broadly 
trained, experienced, and practical mind, thoroughly familiar with 
the business in question. 

For convenience in reasoning, the main losses of value in an 
ordinary property may be divided into four groups. These are 
briefly described as follows: 

1. Operating maintenance and repair. A part of the inevitable 
loss of value of any operating property consists of ordinary wear 
and tear. This loss can and should be continuously made good 
in large part by the upkeep and renewal of minor parts, paid for 
month by month as necessary. and should be charged to operating 
maintenance account. Thus accounted for and cancelled, it does 
not again appear as a liability. 

In valuing utility piants, maintenance conditions at date of 
valuation should be noted. In well maintained plants, neglected 
repair is small; if considerable, deferred maintenance should be 


1 Read at the 1917 annual convention at Richmond, Va., and ordered 
printed in pamphlet form and distributed to members for discussion at next 
convention. Presented by title at St. Louis convention on May 17, 1918, 

: without discussion. Printed in the JourNAL at this time, with discussions _ SS 
4 received in writing, in order that the report may be more available than in or 
the temporary pamphlet form in which it has remained until now. 
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estimated and charged. Repairs are usually going on in the or- 
dinary operation of a property continuously. In some forms of 
utility plants, ordinary and rapid loss of value, which is made good 
by maintenance and repair, is a very considerable portion of the 
total depreciation to date, such, for instance, as in steam railways 
or electric lighting plants with heavy wear or short-life units. In 
other kinds of utilities, such as water works, it is comparatively 
small. 

Examples of the more rapid type of depreciation are found in the 
wearing out of bearings on equipment, the replacing of small parts, 
re-roofing, repainting, and other miscellaneous care and expense 
which is constantly being made. During the many years that 
utilities have been operating, this loss of value has been paid for and 
accounted as operating maintenance. The future must be cared 
for in the same manner. It must not be overlooked that while 
this short-term replacement is paid for month by month in a well 
maintained plant, it is in reality a part of the whole lessening value 
factor, and should be so considered in the final summing up of the 
depreciation total. 

2. Past renewals of major units. Even though the ordinary re- 
pairs are made continuously, as above described, there has been 
going on from the beginning a further decline in value, largely due 
to accumulating unfitness and changing needs to such extent that 
even certain major units have been in the past or must in the future 
finally be replaced. This culmination in larger units is reached only 
at long intervals, and, therefore, requires a different kind of account- 
ing from operating maintenance. 

It is known from experience that in different types of structure 
or machines, the useful life varies, and this can only be judged by 
the experience of trained appraisers. Thus useful life may be as 
low as five years for some kinds of electric equipment, or as high as 
one hundred years or more for well laid cast iron pipe under good 
service conditions, and it would perhaps be even longer for certain 
very permanent earthwork construction if future needs could be 
reasonably foretold. The inability of the most experienced to prop- 
erly prophecy for as much as or for more than one hundred years 
must usually limit us to that extreme age as being all that it is 
wise or conservative to predict usefulness for in any case. 

Where obsolescence in the past has been made good by replace- 
ment or enlargement, it, of course, should be paid for and cancelled. 
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Like the prior item (1), we should not lose — of it as part of the z 
total plant depreciation, although we do not have to again consider sss 
it in depreciation deductions yet to be made. 

8. Contingent depreciation. There is sometimes an unusual drop 
in value in plant units on account of contingencies which were not __ 
foreseen in the past, and cannot be foreseen in the future, and, there- — ; 
fore, cannot be more than generally provided for in the operating _ 7 - 

revenues of a property. These losses, while usually of infrequent _ 

occurrence, are particularly trying, because almost always un- © 
expected. 

Causes which contribute to this type of depreciation are com- | 
monly accidents, such as floods, fires, tornadoes, special kinds of 
unusual destruction, unexpected deficiency of supply, high operat- — 
ing prices which affect methods, sudden changes in the art, new _ 

Inventions, war effects, extraordinary droughts, personal injuries, — 
litigation for the protection of the property, and many varieties of 
sudden emergency. 

When these kinds of contingencies have actually occurred in the 
past, they have ordinarily been paid for and cancelled. Where 
they are recent or operative at the date of a valuation and uncom- 

_ pensated for, they should be subject to careful inquiry, and a special — 
allowance made, if necessary, in addition to the regular amortiza- 
— tion allowances hereafter explained. For the future of the property, 
such losses can only be met by regularly setting aside a sum annu- © 
ally, which experience has shown will, in a general way, cover them 
properly. 

4. Useful life or growing functional depreciation or decrepitude. — 
Useful life, or functional depreciation in its completed form, has 
already been considered in (2) “Past Renewals of Major Units.” 
From the standpoint of upkeep accounting, we must again consider 
it in its uncompleted aspect. As has been said, functional depre- oe 
ciation describes the growing inability of the structure or equip- | ar 
ment to adequately fulfill the changing requirements which it must _ 
meet. Functional depreciation, however, practically covers almost _ - 
all of the causes which tend to shorten and limit useful life. Chiefly, 
these are improvements in the arts, changes in demand, discovery — i 
of more economical methods, and changes caused by growth of Sane 
business. Accelerated loss of value will often be found in a utility _ 
in a rapidly growing community, where larger buildings, plant, and sy 
equipment will be required long before the original installation is Md 
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worn out or would naturally be displaced. Necessary changes 
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often occur even when the original design and installation of the 
plant are still of the very best. 

The service usefulness of a machine or structure rarely declines 
uniformly with advancing age. It often keeps well above that 
ratio. Also, the effect of increasing age cannot be made uniformly 
apparent as a fixed ratio from month to month, as is often the 
case with ordinary operating maintenance, but only becomes con- 
veniently determined by special investigation at considerable in- 
tervals of some years apart, and by careful technical analysis and 
economic review. 

This general loss of value, therefore, has been operative in the 
past, fractionally exists at the present, and will continue in the 
future until it is completed. 

The above forms of loss of value from (1) Repair and Main- 
tenance, (2) Past Renewals of Major Units, (3) Contingent Depre- 
ciation, and (4) Useful Life or Growing Functional Unfitness or 
Decrepitude, may be roughly divided into two classes, depending 
on the condition of the depreciation account, whether already 
determined and paid for, or as yet undetermined and unpaid for. 

The First Class. Those accounts which have been determined, 
met, and paid for because they were visibly apparent from time to 
time at short intervals. This includes: 

1. Past operating maintenance and repair, or such costs 
as have been met month by month, paid for, and charged to 
operating maintenance and repair account. Also contin- 
gent losses, such as have in the past occurred, been deter- 

mined, and paid for. 

2. Past renewals of major equipment, such as large struc- 

tures or machines, the obsolescence of which took place over 
- @ considerable number of years, but when finally apparent, 
caused renewal or replacement, which were paid for and 
@harged =to general plant depreciation (often improperly 
added to Capital Account). 
«The Second Class. Those accounts which have not been deter- 
mined or paid for, because not fully apparent. Such losses in value 
can only usually be determined by special investigation, as in a 
valuation investigation. These include: 

3. Undetermined contingent loss at present operative, 
that is, the determination of the proper proportion of any 


- with the subject from a practical standpoint. 


_ well be used as a guide if proper and prudent management has 


degree of skill to properly analyze what should be determined. 
Reasoning deduced from cost to replace, or the use of more fit 


considerable accidental or unusual loss of value still wae 
tive or recently revealed, and as yet not corrected, which _ 
has taken place in important structures or machines. 

4. Useful life or growing functional unfitness or decrepi- 
tude, that is, the present fractional part of the final com- 
ei plete loss of value based on the past age and remaining 

expectancy of useful life of the larger machines and structures. 

Obviously, these latter two classes (3) and (4) require careful 
analysis and final determination so as to fractionally separate the 
amount of value remaining from the amount of value which has 
disappeared. The determination of value remaining always re- 7 
quires prophecy as to future usefulness. There is no escape from 

METHODS OF DETERMINING INCOMPLETE LOSS OF VALUE 


The best method of arriving at the just and proper division of © 
completed and uncompleted loss of value in plant units as yet = 
serving some useful purpose, has been much discussed among ap- | at 
praisers, and pretty generally agreed upon by those who are familiar a 


For Contingent Losses which are complete but as yet undeter- “4 al 
mined, it is pretty generally conceded that the cost of replacement — _ 
or repair, or the cost of any unusual losses that are met with, may _ 


obtained. Where contingent losses in value are of a character that = 
they are insidiously operating at the present time, it requiressome 


methods or up-to-date machines or proper economic balance should — 
be applicable, and empirical decisions should be avoided if it is at — 
all possible to carefully reason out in economic detail any of these | 


abnormal losses of value. 
_ “eo 


LOSSES DUE TO AGE 


In Growing Functional Unfitness or Decrepitude we have prop- 
erly to look into the question as to how the present age and probable 
future useful life of a unit affects its value, and this compels us to 
look into all the causes which may in the future increase or lessen 4 : 


the need for its service. 


| 


A few appraisers insist on jumping empirically to a hasty conclu- 

sion as to future life in terms of absolute percentage without a 
reasoning or a proper forecast of the causes tending to maintain or 
destroy values. Inexperienced appraisers are hardly equipped to 
make a reasonable forecast at all. Such results are, of course, _ 
unsatisfactory, and do not stand the tests of analysis or cross- _ 
examination. Some appraisers, from the desire for simplicity or 
from motives of prejudice, attempt to assign the fractional values 
on the basis of the proportional life lived to the probable secured © 
complete life, on a system of what is called “straight-line deprecia- _ 
tion.”’ This, of course, is a step in advance over the first crudity, 
but it does not yet satisfy the conditions reasonably, for, as a mat- 
ter-of-fact, if the age is known and the total useful life properly 
agreed upon, the problem becomes a question of practical financing, — 
modified only by a review of other factors which affect the result at 7 


the present time. 


Now, so-called straight-line depreciation, or direct apportionment — 
on the ratio of age to life, is a rough method sometimes properly 7 
used to approximate what loss of value may be allowed, particularly 
in very short-lived and inexpensive property, such as tools and ~ 
floating equipment not worth minute analysis or careful computa- 7 
tion, but it is obvious that with the more important and valuable © 
structures and machines, the lives of which extend over a period of — me) 
years, not only are more careful methods warranted but we must _ 7) 


also take into account, as a practical matter, that the yearly incre- 
ment set aside out of earnings for this purpose will earn interest 
which can be added to the principal. Certainly, in ordinary ex- 
perience, annual reserve increments to a replacement fund covering 
years in its operation will not be put into a safety vault or a stocking. 
We are, therefore, of the opinion that straight-line and sinking- 7: 
fund methods of finding present worth of life expectancy are not | 
two alternative methods, which may be selected at the option of the = 
evaluator and indiscriminately applied to the whole problem of ps 
depreciation, but that each has its proper place and function in ~ o? 
different fields in the same appraisement. a ; 
In life expectancy the sinking fund methods should always be a 
applied to determine the amortization rate of important and valu- _ 


REPORT OF COMMITTEE | 
& 
w 
7 7 
{ 
ore 


able units, the useful life of which extends over a series of years. 
Such annual payments for renewal are naturally kept in reserve 
funds, and properly invested so as to earn interest until needed, the 
interest logically and properly reducing somewhat the annual 
payment needed for final replacement. 

Straight-line depreciation, on the other hand, is an approxima- -? 
tion only, and only has excuse when the life of the unit to which it is i - 
applied is so short, or its value so small as to not warrant careful h a _ 
computation on the sinking-fund principle, except that the aggre- _ Me 
gate of a large number of such items may be averaged on the sink- — 
ing fund basis when possible. 

Thus, most operating maintenance items paid for from month to 7 
month, or tools and supplies and possibly some short-lived units _ 
having a life of, say, five years or less, may, with judgment, be esti- 
mated on the straight line or short-cut principle without serious 
injustice. 

It should be pointed out here that in all valuation and rate regu- 
lation questions, straight-line depreciation applied to long-lived ; ae 


structures is very unjust to the public, for the reason that the public 
in the end pays the entire depreciation bill, and if that bill is com- 
puted by methods which ignore interest, and thus set aside more 
annual replacement funds than are really necessary, the public will “a 
suffer the difference. 


When once the important matter of determining the future useful # 
life has been properly settled, the matter of providing for the final 
replacement of important structures by equal annual payments 
really logically draws us into the computation of an insurance == 


policy and the determination of its present worth. 

If our future useful life is correctly judged, the present worth _ 
of such an insurance policy will, in many cases, be as good an as- 
sumption as we can reasonably make for the fractional loss of value 
we must assign to the structure or machine for its life expectancy, 
especially if there is no unusual special loss (contingent depreciation) 
operating. It is most important to carefully determine the proper 
estimate of future useful life, because however the intermediate 
values may vary from the sinking-fund accumulation, in the end 
both will be practically alike if the judgment of the valuer is reason- 
ably correct, or is kept correct by repeated reviews at suitable 
intervals. Future life cannot be predicted with accuracy, even 
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can be practically eliminated by the correction from time to time 
or a re-investigation and adjustment every few years. 

The majority of engineering opinion leans to the determination of 
losses of value arising from age and future useful life as best reasoned 
out from the basis of the present worth of a sinking fund, but modi- 
fied by any special considerations which may exist in each special 
case. 

A correctly computed sinking-fund consists of an amount annu- 
ally paid into a depreciation reserve account, which, with its interest 
increment from year to year, will serve to renew and replace each 
structure or machine at the end of its probable useful life, and the 
present worth of the fund is usually assumed to roughly measure the 
loss of par value in a structure or machine due to elapsed life, or at 
least be a basis for further reasoning. Such a reserve fund is usually 
not actually kept in hand, but is often replaced by the owner in the 
property as needed. When it is made an actual fund in fact, such 
actual fund is really a part of the property of the utility, although 
it must not be forgotten, a somewhat easily detached item. - 


FINDING THE DEPRECIATION AT ANY GIVEN DATE 


In view of the foregoing outline of the problem before us, we 
may suggest briefly the necessary steps in finding the depreciation 
of a property, it being assumed that appreciations or gains in value 
which would offset depreciation or losses in value are not treated of 
in this report. 

First. Inspect the plant to see that the operating maintenance is 
not neglected. Where it is evidently below what good practice 
would require, the neglected or deferred maintenance should be 
estimated. 

Second. Although not absolutely necessary, yet it is desirable, 
as a part of the work of ascertaining the full, true depreciation 
up to date to determine the operating maintenance account of the 
plant from its beginning. This account should include contingent 
depreciation, as herein described, wherever paid for, it being under- 
stood that in reality both items have been met and cancelled in 
the past. 

Third. Also the replacement of obsolete major units, paid for in 
the past, should be audited and totaled in a similar way. 
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‘= based on the judgment of the investigator, and the total thus found 
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Fourth. T ™ existing property should be reviewed to see if there 
are any special and unusual losses in value in any of its units at 
present or recently operative and unaccounted for. Where special 
losses in value are reasonably found to exist, they should be esti- 
mated and deducted from the unit in question before proceeding 
to determine its age expectancy and compute its amortization fund. 

Fifth. The depreciation on small items having short lives of 
less than, say, three to five years, may usually be arbitrarily esti- 
mated on a straight percentage basis without much injustice, owing 
to the small effect of interest on the annual increment. 

Sixth. In all longer-lived and important units, it is customa a 
to determine the age to date and decide on the reasonable future 
life from experience with other properties and similar units else-— | 
where, combined with an outlook on the probable future usefulness — 
in the case in hand. 

With these data, determine the annual amount which, if set 
aside from the date of original installation, would, with its interest, — 
replace the property at the end of its useful life. This annual 
amount will be the yearly amortization charge, and its accumulation 
to the present time will give a sum which if no special circumstances — 
argue to the contrary, may usually and properly be assumed, from 
the financial point of view, to be the accrued loss by age alone. 
Finally, review the loss of value thus determined, and, all things | 
considered, see if it is reasonable. 

Seventh. Ascertain if an actual depreciation or reserve fund 
exists with the property under investigation. If so, find its amount 
and compare it with the computed amortization plus all unpaid 
losses of value. If it is too large, such fund should be gradually © 
reduced in the near future; if it is too small, it must be increased 
annually until a reasonable balance with the investigated and de- © 
termined loss of value is approximated. 

Eighth. To find the true total depreciation of a property to date 
add (1) the Neglected or Deferred Maintenance, if any, (2) the 
Operating Maintenance Account from the beginning, (3) the Sum of 
all the Major Replacements of the past, (4) the Unusual or Contin- 
gent Depreciation, if any, as determined at date, and (5) the sum 
of the Accrued Amortization Funds of all the units of the property 
at the present time. 

This is the true loss of value, in part based on fact and in part 


| 

| 


should theoretically approximate the total of (1) the cash paid out 
in the past for operating maintenance (plus contingent depreciation), 
(2) the cash paid out for actual replacement, and (3) the present 
proper cash reserve or amortization fund of the company, if any. 

Ninth. If no cash is actually on hand or is being accumulated, 
then the unbalanced portion of the computed depreciation, ie., 
that which has not been met by cash outlay, should be deducted 
from the reproduction cost new, in order to get properly the present 
net cost of reproduction; that is to say, the reproduction of a prop- 
erty that is not new. 

Tenth. If an amortization or reserve fund has been accumulated 
with a property to be used, with its increments of interest, for re- 
newals or replacements (outside of operating maintenance), such 
fund should be considered as a part of the property, and should 
earn, in addition to its own interest increments, a general fair return 
from revenues, for the owner of the property derives no return from 
the reserve fund except as it keeps the investment at par value, a 
condition to which he is entitled prior to the computation of fair 
return. 


= 


PROVISIONS FOR TAKING CARE OF FUTURE DEPRECIATION 


It is a well-recognized principle in the operation of public utili- 
ties, that the investor, whether a private corporation or a munici- 
pality, must be allowed to keep the original investment and its addi- 
tions intact. Unless this principle governed, it would be impossible 
to secure additional capital for plant additions. It is necessary, 
therefore, to allow earnings to be realized which will pay all ordi- 
nary operating costs and make good all of the other losses of value 
above described, and, in addition, earn a fair net return upon the 
investment. 

The determination of the proper and correct amount to be set 
aside in a reserve fund must always be somewhat a matter of some 
intelligent forecast, but, as a practical administrative matter, it is 
always possible to make re-adjustments from time to time as will 
keep the reserve fund practically just what is actually needed for 
the purpose of replacement. 

The true total future reserve or depreciation fund should theo- 

retically include the operating maintenance account, but, as pre- 
_ viously explained, this is usually financed directly month by month 
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out of operating expenses, and if it continues to be so financed it 
does not have to be considered in fixing a rate for future depreciation. 
7 Provision for caring for depreciation should, therefore, be as 
follows: 
First. Provide for all ordinary, more or less continuous main- 
tenance as an ordinary operating charge. e 4 
Second. Create, where possible, a separate reserve fund for 
_ depreciation, sufficient to cover all losses in value other than those 
covered under ordinary maintenance. Such fund should earn in- 
terest and is subject to withdrawal for replacement when needed ] 
from time to time. at 
_ Third. Test the adequacy of the reserve fund by careful techni- _ s 
| cal appraisal and review its sufficiently once, say, every few years, _ “A ; 
and adjust its annual increment as seems to be necessary. | 


COMPUTATION OF PRESENT WORTH OF AMORTIZATION OF LONG-LIVED — = 

a 
UNITS 


The method of computing the present worth of an amortization 
or sinking fund for long-lived units is greatly facilitated by the 
use of either of the two diagrams here shown. Knowing the pres- 
ent age, and judging the assumed useful life from experience with 
other similar cases or conditions, a line leading from their inter- 
secting lines produced downward will indicate the percentage of 
the accumulated amortization fund to date in terms of par value, : 
or, in other words, the present worth of a life insurance policy for _ _ 5 ; 
the unit under consideration. a 

When other influences than age are operating, they should be 
further considered and may cause a shorter life to be assumed than 
would normally be the case, or in some cases they clearly denote 
that it is necessary to arbitrarily lessen the par value before future 
life is predicted or amortization computed. 

One of the diagrams presented herewith is based on a uniform 
interest of 4 per cent for both long- and short-lived structures, and 
has been used by many of the Utility Commissions. A 5 per cent 
rate has been recommended to the American Society of Civil Engi- 
neers, and may become necessary if money rates are materially or 
permanently raised by the war. 

The other diagram is based on what is known as the “sliding 
_— " which takes into account the idea that the certainty -s in- 
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terest rates is not so well assured over very long periods as it is 
over comparatively short periods, and that long-lived structures are 
amortized on some less interest rate than are short-lived structures. 
_ This scale was first introduced in the Omaha appraisal, and has 
been often agreed to by water works engineers, but has not found 
favor with the Utility Commissions. 
4 The effect of a small interest rate is to slightly increase the amor- 
~~ tization fund and the annual payment thereto. 

It is observed that the amount which is set aside annually from 
_ earnings is lowered by the compounding effect which the sinking 
fund enjoys. In the early years of an installation, it is usually 

observable that the loss of value, and especially loss of service value, 
is relatively small. The sinking fund in such cases tends, in a way, 
to follow this general condition. 
_ The financial methods necessary to replace or amortize a structure 
through a sinking fund must not, however, be confounded with the 
service usefulness of a unit, which may in some cases keep well up 
to par during useful life, and in other cases rapidly drop after in- 
stallation owing to poor judgment in purchase, as in contingent 
depreciation already discussed. The amortization fund measures 
only one kind of loss of value, that due to mere age, and it may 
differ from service value, just as service value may differ from price 
value or scrap value. 

When useful life is correctly known, age is usually the greatest 
factor of value loss. But it sometimes occurs that service value 
loss is greater at date of valuation than life expectancy loss. When 
this condition exists, it is obvious that we must consider service 
value loss as a special contingent depreciation (as heretofore dis- 
cussed) before determining life expectancy loss. 

Some valuers prefer to deduct final scrap value from par value 
before determining life expectancy loss, or amortization. This 
may be done where desired, but in view of the inadequacy of the 
data for future scrap value, it seems to be a refinement that is 
hardly warranted. In extreme cases the variation of a year or two 
in assumed life will operate fully as well to express the judgment of 
the evaluator. 

The estimation of the probable future life of the various parts 
of a plant is the real test of the judgment and experience of the esti- 
mator, for it involves an extended knowledge of the lives of similar 
structures under all kinds of operating conditions, as well as a local 
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study of the property in question. The lives of different structures 
vary with the class of property or equipment, the character of con- 
struction, the care with which they are operated, the thoroughness 
with which they are maintained, the wisdom with which the invest- 
ment was originally made, and, above all, the probable changes 
in the future needs of the public which is served. To illustrate this, 
the life of boilers depends somewhat upon the quality of the water 
used, but more upon the future requirements for steam. The length 
of time which water mains may remain in service depends upon the 
kind of water passing through them, the character of the soils in 
which they are laid, the effects of electrolysis, and other physical 
~ considerations, but more than these influences is the effect upon 
- their useful lives of the growth of the community, its drift, and the 
- requirements of its future supply. 
It is obvious that the determination and control of depreciation 
reserves and the proper accounting of depreciation is vital to gen- 
7 eral knowledge of the success or failure of any business in its ulti- 
- mate analysis, and that the proper determination of depreciation 
losses, especially those requiring prophecy in the future, is a difficult 
: and technical judicial review, which cannot be properly or justly 
| determined by those inexperienced in water works management, 
operation, maintenance, and financing. 
oe The correct determination of depreciation is, after all, a matter : 
of sound judgment, common sense, and logical reasoning. All the 
~ aids herein outlined and suggested are only to be used with judg- 
a ment to aid good judgment, but so used they are extremely valuable == 
helpful. 
r As has been stated in the beginning of this report, the deter- 
mination of losses in value requires prophecy into human needs of 
the near future, for human needs create and maintain all values, 
and absence of human need destroys and depreciates all values. 7 
To prophesy future needs is not always possible, but it is more and 
more possible as one relies on extended past actual experience as a 
guide to the future. A 
Respectfully submitted, ol 
Joun W. Atvorp, of Chicago, Ill., Chairman. — 
Pror. W. Mean, of Madison, Wis. 
C. B. Satmon, of Beloit, Wis. “w - 


W. F. Wiucox, of Ensley, Ala. te 


Dissenting; 
James Nisret Haztenurst, of Atlanta, Ga. 
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It has become increasingly necessary in valuation literature to explicitly 
define the meaning of words commonly employed, because a considerable 
number of readers are ordinarily careless about exact definition. As an 
instance of this carelessness, many beginners thoughtlessly associate depre- 
ciation almost wholly with wear and tear due to the fact that that phase of 
the subject is most apparent and the most frequently assigned, when, as a 
matter-of-fact, competent authority defines depreciation as loss of value 
- arising from any cause whatever. 
The following definitions will be helpful in studying and understanding 
this report: 
; : 1. Property. That which is owned; that which belongs exclusively to an 
a - individual; that to which a person has a legal title (whether in his possession 
a not); the exclusive right of possession, including all the rights which ac- 
ia company ownership and is its incident. 
2. Value. The property or properties of a thing which render it useful, 
and enable it to fill a human need. 
8. In political economy, value is distinguished as intrinsic and exchange- 
able. Intrinsic value is the measure (usually in money) of the supply re- 
: quired for a human need. 
7 4. Exchange value. Exchange value is the adjustment of two services, 
 iLe., as between a willing seller and a willing buyer under open conditions of 
competition. 
«Need. A state that requires supply or relief; pressing occasion for 
something; necessity; want. (Webster.) 
6. Intrinsic value. Inward; internal; hence; true; genuine; real; essential; 
inherent; not apparent or accidental. (Webster.) 
7. Cost. The actual outlay of money, or its equivalent, for a property, 
_ structure, or machine. 
8. Past cost. The amount of money, or its equivalent, actually expended 
in the past in creating and building up a property. 
9. Investment. The amount of capital, or its equivalent, actually ex- 
_ pended for a property in the past. 
10. Reproduction cost. An estimate of the cost of recreating a property 
at the present time under conditions that are humanly possible and practical. 
11. Franchise. A grant by the public of the necessary rights to do a 
specific business. 
12. Public utility. A business supplying a public need, and based on a 
public grant. 
18. Monopoly. A business having exclusive power of dealing in a service, 
and thus conducted without competition. 
14. Depreciation. (1) The act of lessening or bringing down price or 
value. 
(2) A fall in value; reduction of worth. (Century Dictionary.) 
15. Obsolescence. The condition or process by which units gradually cease 
to be useful or profitable as a part of a property on account of changed 
conditions. 
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16. Appreciation. The increase in worth of a property, structure, or ma- 
chine due to its increasing use, strategic location, the increasing need for 
its service, or other like influences. 

17. Maintenance (operating). The act of maintaining; supporting; up- 
holding; defending or keeping up; sustenance; support; defense; vindication. 
(Webster. ) 

18. Repair. To restore to sound or good state after decay; injury; di- 
lapidations or partial destruction, as to repair a house, a wall, or a strip. 
(Webster. ) 

19. Renew. To make over as good as new; to restore to former freshness 
or perfection; to give new life to; to rejuvenate; to restore; to reéstablish; 
to recreate; to rebuild. (Webster.) 

20. Functional depreciation. Depreciation due to inadequacy, obsoles- 
cence, and supersession. 

21. Contingent depreciation. Loss of value arising from unforeseen con- 
tingencies, accidents, emergencies, and adverse and destructive tendencies 
exterior to the property. 

22. Physical depreciation. Loss of value due to wear and tear under op- 
erating conditions, or action of the elements in non-operating conditions. 

23. Deterioration. Reduction in the quality of a property unit, or in its 
efficiency for service due to its physical condition. 

24. Accrued depreciation. Depreciation which has taken place; the com- 
pleted loss of value as separated from that which is yet incomplete, usually 
limited to existing structures. 

25. Amortization. The repayment of an original investment or debt by 
means of sinking funds, or other moneys set aside from time to time in expect- 
ancy of obsolescence. 

26. Sinking fund. A fund created and systematically added to for sinking 
or paying a debt, or meeting expected losses of value. (Webster.) 


APPENDIX II—THE DETERMINATION OF PROBABLE LIFE OF 
UNITS 


The Committee have spent much time in the past in an effort to compile 
a card index list of known useful life of water works units, but the results 
have not been entirely satisfactory, and, on the whole, it is believed that it is 
not useful to publish this information in detail, because much of the data is 
obviously incomplete, inaccurate, and misleading. The Committee have 
therefore concluded to summarize the information only in a general way. 

In fixing useful life of plant units for the purpose of amortizing their cost, 
it is well to remember that as the public must reimburse the utility for this 
loss of value before the computation of fair rates can be ascertained, there is 
no real dispute over the matter except to get at the facts correctly. Un- 
reasonably large depreciations make for unduly high rates. Unduly small 
depreciations make for insufficient revenue. No one can be permanently 
interested in either of these mistakes. 

Among other considerations, in fixing upon probable life it is also well to 
remember that prudence and conservatism suggest that, if anything, we 
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underestimate life somewhat rather than overestimate it, especially in short- 


oar lived units, which cannot be readjusted from time to time. The prudent 
ro owner will never unduly magnify his future stability of plant endurance, 
; a very common optimism which ‘often leads to serious embarrassment and 
even disaster. 

~, 


It is further desirable to note that human needs even of the most funda- 
mental kind, cannot be successfully predicted for more than a century, or 
at the utmost a century and a half ahead. In valuation work, it is always the 
future need of the public served that makes utility value, and this need must 
therefore be predicted as carefully as possible, but we are not warranted in 
predictions that are not reasonable in the light of past history. 

The greater portion of the water works of this country has been built since 
1870, a period of less than 50 years. The life of a water supply or any of its 
parts should not, as a matter of prudence, be estimated at too long a life; 
first, because it can be amortized in about a century without burden, and, 
second, because to predict the needs of human civilization farther than this 
would be to tax credulity. 

With these generalizations, it is interesting to note in some detail the 
effect of past experience in some of the major units that enter into water 
works property on the probable future length of usefulness. 

The following are the general conclusions of the Committee: x 


STORAGE RESERVOIRS AND HEAVY EARTHEN OR MASONRY DAMS, LARGE ~ 
MASONRY CONDUITS AND TUNNELS 


Physical. All structures of earth or earth and masonry are very durable, 
and in some cases reservoirs, aqueducts, and dams have lasted thousands of 
years. Undoubtedly such construction well-maintained is ordinarily good 
for some hundreds of years, physically often far outliving their functional 
usefulness. 


Functional. All structures holding or conveying water are subject to 
accident from rupture, floods, burrowing animals, ice pressure, windstorms, 
leaks, insecure foundation, polluting influences, and malicious destruction. 

Physical and contingent losses of value will be made good ordinarily by 
operating maintenance. This being thoroughly done, such structures should, 
in addition, be amortized about as follows: 


Large storage reservoirs, well located.................000eeeeee 75 to 150. 
Heavy earthen or masonry damB................eecececeseeeees 75 to 150. 
Large masonry conduits and tunnels...................0000eees 75 to 150. 


CONDUITS AND DISTRIBUTION PIPE OF CAST IRON OF LARGE DIAMETER 7 7 


Cast iron pipe coated and buried in the ground is a very durable structure. 
We have little knowledge of its final effective life from a physical point of 
red years’ life for uncoated 
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pipe. Largely, we must amortize such durable material, kept clean and 
well maintained, again by consideration of the possible changes in public 
need, functional usefulness, and the burden of a reasonable amortization, 


CONDUITS AND DISTRIBUTION PIPE OF WROUGHT IRON OR STEEL OF LARGE 
DIAMETER 


Thickness of shell and sensitiveness to a greater range of deteriorating in- 
fluences must of necessity bring the life of wrought iron and steel physically 
below that of cast iron, and in many cases below functional considerations, 

35 to 75. 


CONDUITS AND DISTRIBUTION PIPE OF WOOD STAVE OF LARGE DIAMETER 


Ultimate experience somewhat limited, but thought to be about in same 
class as steel, when well protected and constantly saturated ....... 30 to 60. 


DISTRIBUTION PIPE OF SMALL DIAMETER 


a. Cast iron. Limitations of size increase difficulties in interior cleaning 
and maintenance. Such smaller mains are at times removed in rapidly grow- 
ing cities to make way for larger pipe. Often, they are only supplemented, 


30 to 70. 
It should be noted that in slow growing and smaller cities small mains are 
less liable to be outgrown than in larger cities.................... 50to 90. 


b. Wrought iron and steel mains. Affected by kind of water carried, soil, 
and coating. Liability of replacement probably greatest influence in short- 


c. Services 


Of services, it should be noted that character of water carried, soil, and 
coating are influential, but changing needs are also important. 


SMALL DISTRIBUTION RESERVOIRS 


Physically, these structures are very permanent. Changing needs often 
destroy or impair their usefulness and value; they are often surrounded by 
growing population and increasing land value, which, in connection with 
decreasing need, make it desirable to abandon them. They sometimes lose 
value on account of need for increased head....................... 50 to 75. 


STANDPIPES 


Are affected by most of the influences mentioned above, and lose value 
in rapidly growing towns by insufficient proportional storage capacity with 
increased consumption. They often have value as regulators, however, long 
after their storage usefulness is diminished. 


Reinforced concrete 
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VALVES 


Valves physically should be amortized on the basis of the life of the valve 
body, the working parts being subject to operating maintenance. Funda- 
_ mentally, they are more subject to change and improvement than the pipe 
in which they are set, and therefore should have shorter life....... 40 to 60. 


HYDRANTS 


Theoretically should have the average physical life of the hydrant body, 
the same as valves, but being in part exposed and more liable to accident and 
_ injury, and more often operated, may be considered to have somewhat shorter 


METERS 


Physically they should be amortized on the basis of the life of the meter 
casing, the working parts being subject to renewal and repair, chargeable to 
operating maintenance. Fundamentally, being of delicate construction and 
of necessity exposed to frost, clogging, and other adverse influences and often 


Pumping machine units are functionally sensitive to changes in consump- 
tion, growth of population, improvements in the art, influences affecting 
source of supply, amount of use, character of water, etc., and these are the 
conditions that ordinarily fix their useful life. 

Where function does not control physical life for amortization purposes, it 
should be predicated on the probable useful life of the stationary and heavier 
castings, all working parts being cared for annually by operating main- 
tenance. 


High duty small units (say, below 6,000,000 gallons per day capacity.) 

25 to 50. 


Boiler feed and auxiliary pumps usually take the life of the units to which 
they are attached. 


STEAM ENGINES 
oy About the same considerations as above................-..+0005 20 to 40. 


Are affected by water used, care and attention, changes in station, and 
changes in pressure. They may often have a long period of usefulness in 
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- ELECTRIC GENERATORS AND MOTORS 


In general, follow the reasoning on pumps, but are shorter lived.... .20 to 30. 


FILTER PLANTS 


Now well standardized. Life should be predicated on general usefulness 


of station and source, as well as function of the filters themselves. 
30 to 50. 


BUILDINGS 


Must be reviewed in the light of the probable life of the station as a whole. 
In rapidly growing towns they are frequently outgrown, but can often be 
enlarged. They lose value often in a general way because of changes in the 
style of architecture. Where function does not control their lives physically, 
it should be based on masonry walls, foundations, and roof supports; all 


other parts being removed from time to time by operating maintenance © 


account. 


STACKS 


Are limited in life to conditions of power production directly; somewhat 
affected by style and general appearance. 


APPENDIX III—SHALL DEPRECIATION BE DEDUCTED FROM 
COST NEW? 


The economic fallacy that loss of value should not be deducted from the 
cost new today of an old property as a guide to finding fair present value for 
rate-making purposes has been recently promulgated by a few advocates, 
but in the face of the fact that settled practice, following earlier discussions, 
has agreed with the courts in always making the deduction of loss of value in 
old plants when valued new as of today, it would appear fair if we add the 
gain in value of old plants when found, to likewise deduct the loss of value in 
old plants when found, either from original investment or cost new as of 
today. 

The proposition, however, has found certain favor, especially with those 
newly studying the art of valuation, who argue that certain utilities have 
different status from other utilities, but they have not yet been shown that 
fundamental principles of valuation differ or can differ. It is true, certain 
kinds of utility may have month to month replacement of short-lived units 


to a greater extent than some other kinds of utilities, but thisdoesnotalter __ 


the principle that losses of value should be considered as well as gains in 
value. 


Or 
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The fundamental fallacies underlying this point of view seem to be: 

First. The idea that depreciation is limited to physical wear and tear, 
which can be made good by operating maintenance to the extent that no 
other kind of loss in value need be considered. 

Depreciation, as shown in this report, has no such limited meaning, but 
covers all kinds of losses of value, such as style, changing ideas, depopulation 
and resulting cessation of demand for service, decreasing plant fitness as a 
whole. Properties are constantly rising or falling in value, and as ultimately 
they all die, either by parts or as a whole, it is this fact that is the most im- 
portant to remember in considering depreciation. 

Second. The idea is current that, in public utility valuations, it is an 
original investment and its additions from time to time that is being pro- 
tected in an accounting fashion by the courts and commissions, rather than a 
review of the present status, usefulness, and need-supplying ability of the 
utility. 

If this statement were true, then there would be no hazard to the utility 
business, for eventually the state, through the utility regulation, would logi- 
cally and finally have to guarantee every investment against loss, dissipa- 
tion, or extinction. This is not only against public policy, but it can easily 
be shown that it would be economically unsound and irrational for the public 
to undertake. 

It being true, then, that depreciation covers all kinds of loss of value, 
including lessening need for plant service, and also true that we are not pro- 
tecting an original investment mathematically, but are engaged in the more 
practical and useful inquiry of finding the present intrinsic value of a prop- 
erty today, regardless of its first cost or investment account, it follows that 
if we fail to follow either of the formulae for finding value: 

(1) Original Cost + Appreciation — Depreciation = Present Value; or, 

(2) Reproduction Cost + Appreciation — Depreciation = Present Value 
we vitiate our equation and render our answer worse than useless, because 
it is inaccurate and misleading. 

Loss of value, therefore, wherever it can be logically made apparent in old 
properties, must be deducted from cost new of a property as of today to find 
present value, just as gains in value of an old property must likewise be added 
to find its value now. If, in the first formula given above, the gains in value 
are largely lacking and have to be found and added, and in the second for- 
mula the losses of value are the most largely lacking and have to be found 
and deducted from cost new, it does not alter the conclusion, which ought 
to be the same in both cases, to be just and fair. Correct reasoning requires 
all losses and all gains in value to be found and added to the base cost, whether 
that base be past cost or present cost new. Without much hard thinking 
this ought to be clear as a fundamental principle of valuation and depreciation. 
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DISSENTING OPINION TO THE FINAL REPORT OF THE ns 
COMMITTEE ON DEPRECIATION 


In presenting a substitute to that portion of the Depreciation _ J 
Committee’s report referring to methods of determining incomplete 
loss of value, as set out in paragraphs discussing “Loss Due to Age 
and Straight-Line Depreciation,” I desire to subscribe in the main © 

to the report as formulated by this Committee after four years of — 

continuous effort, and it is with extreme regret that I feel forced to 

_ dissent from the belief of the Chairman and the majority of its 

members, and here and now to part company from so distinguished 
and representative a body of engineers and experts in appraisal work. 

Before expressing this difference of opinion, permit me to voice _ 
my admiration for the masterly presentation and summation of — 

ideas submitted by the committee members and as formulated by 
the Chairman. 7 
As an economic law, not to be successfully contended, all depre- 
fs ciation due to service must be met by the public some time, some 
7 place, somehow. This law is also written into the statutes (U. 8S. 
212.1, 181). 
7 To determine depreciation in all of its phases is not easy. The 
ir life of the parts of a water works property, or as a whole, can be 
a approximated only and by those whose past experience and practice 
in engineering and management have permitted a broad experience. 
A conscientious, painstaking, honest and accurate examination 
by a qualified observer should come reasonably near the truth. His 
efforts and labors will be facilitated by useful life tables compiled 
from past records under average conditions, contributed by ac- 
_ knowledged experts or from personal knowledge of the observer. 
Depreciation should be spread equally over the entire life of the 
-_- property and must be measured by some standard. 
- While several methods have been evolved, two have generally 
: been regarded as best and simplest in practice. These are the 
“sinking-fund” and “‘straight-line’’ methods. 
07 
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The sinking-fund contemplates payments by the customers to the 
company each year of such a sum as will, when invested at com- 
pound interest, amount with accretions at the end of the estimated 
useful life of the property in service, to the sum originally invested. 

The straight-line method is simply the payment or allowance to 
the company each year of a sum equal to the investment divided by 
the number of years estimated as the life expectancy of the property. 


LEGAL DIFFERENTIATION 


In the valuation of the physical property of a public utility for 
transfer, as in purchase or sale, a conspicuous contrast is presented 
to its application for rate making purposes, and when so compared 
both in equity and in law, there is a recognized and sharp distinction. 

Referring briefly to legal decisions touching this question, there is 
small reason to doubt that in rate cases, at any rate, the general 
rule seems to approve the sinking-fund method of treating physical 
and sometimes functional depreciation deduction. 

Where depreciation is one of the things to be considered in fran- 
chise tax cases, the straight-line, rather than the sinking-fund 
method has been prescribed by legal authorities. 

As a factor in accounting, some of the most advanced regulating 
bodies, for instance, the state of Wisconsin, have in most instances 
applied the straight-line plan.’ 

Besides these specific legal determinations, in purchase or rate 
cases, it has been said:4 


1San Joaquin and Kings R. C. and I Co. vs. Stanilaus Co. (1911), Fed. 
875, 881. 

Cumberland Y and T Co. vs. City of Louisville, (1911), 187 Fed. 637. 

Spring Valley Water Works vs. City of and County of San Francisco (1911), 
192 Fed. 137. 

People ex red. Kings Co. Ltg. Co. vs. Pub. Serv. Comm. (1913), 156 N. 
Y. App. Div. 603. 

2 Cumberland Tel. and Tel. Co. vs. City. of Louisville (1911), 187 Fed. 
637, 655. 

Louisville and Nashville R. R. Co. vs. R. R. Commrs. of Alabama (1911), 
U. 8. Cireuit Court, Middle Dist. of Alabama, Report of Wm. A. Hunter, 
Special Master in Chancery. 

* Regulation of Railroads and Public Utilities in Wisconsin; Fred L. 
Holmes, p. 92. 

4 Jacob H. Goetz, Council Pub. Service Commission New York; the Utili- 
ties Magazine, Vol. 1, No. 3, P. 109. 
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The question of a outhed should be adopted in calculating the depre- 
ciation is not discussed in the purchase and condemnation cases, perhaps be- 
cause the courts have used the same method that was used either by the 
public utility or in the decisions involving depreciation in relation to rate 
determination. Arecent English case, after discussing the question, adopted 
the straight-line method.® 


Thus it would seem that there is a distinct necessity for differ- 
entiation between the several purposes to which depreciation is to _ 
be applied, which does not seem to have received recognition in the — - 
report of the Committee on Depreciation. o>, on 

From the numerous decisions cited, it can hardly be maintained 7 
that the courts more generally and widely use the sinking-fund & 
method of figuring depreciation than any other; nor does this state- -” a 
ment seem to square with the position taken on this subject by some © 
of the most progressive commissions. 2 

Attention is called to the fact that not only have the courts ob- 7 
served fundamental differences, but that these utility commissions =—__ 
have recognized the need of distinguishing or differentiating, as evi- 7 
denced by excerpts from recent correspondence between the Rail- 
road Commission of the state of California, March 7, 1916, and the 
speaker: 


This Commission has not provided definitely for uniform use of either 
straight-line, sinking-fund, or so-called equal annual payment method of 
determining accrued depreciation. 

In general the Commission is now, in establishing rates, endeavoring to 
provide interest upon the reasonable investment for the service rendered and 
a sinking-fund theoretically sufficient to replace the property when that 
becomes necessary. In determining value for transfer of properties or as a 
security for issuance of bonds or stock, the straight line method has generally 
been used. 


Thus, under date of March 7, 1916, the Public Service Com- 
mission, Second District, state of New York, writes in part as follows: 


The Commission has not as yet standardized methods of reckoning depre- 
ciation, but while requiring that depreciation should be accounted for by the 
companies under its supervision, it leaves to their discretion the method by 
which depreciation, obsolescence and inadequacy are to be estimated and 
taken upon their books. The Commission’s recent practice, however, in cases 
where it seemed necessary to compute a theoretical accrued depreciation, has 


5 Natl. T. Co. vs. His Majesty’s P. M. General (1913), 16 A. T. and T. 
Co. L 491, 538, 
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been to use rates for each class of depreciable property in the form of a per- 
centage of its book cost based upon the average length of life in service under 
the most favorable conditions. In other words, it practically always uses 
the straight-line method for estimating both accrued depreciation up to 


any given date, and future annual depreciation charges. 


As recently as April 30, 1917, in answer to the question as to 
“Depreciation, and how it should be accounted,” the Railroad Com- 
mission of Georgia, referring to a late decision, replied in part as 
follows: 


You will note that this Commission has approved the straight-line method. 
This method has been used by the Commission in practically all of the Georgia 
rates cases that have been up for decision within the last several years. I 
know of no instance in which the Commission has used other than the straight- 


line method. 


_ Indeed in answer to a recent query as to how depreciation was 


estimated, it seems that the straight-line method has been adopted 


by the regulating bodies in the following states: Arizona, California, 
Georgia, Illinois, Idaho, Kansas, Missouri, Nevada, New York and 
Oregon. 

The state of Wisconsin sometimes prefers the sinking fund method 
of determining depreciation, while Indiana is the only state where it 
seems to be used without qualifications. 

Further, in May, 1915, these commissions were represented 
with the railroads in conference with the Division of Valuation, 
Inter-State Commerce Commission. In reply to the question by 
the director as to “How shall depreciation be determined,’ the 
various commissions and railroad officials, through the Hon. Milo 
R. Maltbee, answered as follows: 


Deferred maintenance, if any, should first be determined. Age to date of 
appraisal and scrap value shall be ascertained and stated. Expected life 
shall be determined after inspection, examination of records and considera- 
tion of all factors that affect the period of usefulness. The accrued deprecia- 
tion shall then be ascertained by ratio which age bears to total life applied 
to cost less scrap value. Deferred maintanance, if any, shall be added to 
this amount. 


INTERSTATE COMMERCE COMMISSION 


Valuation, consisting of five members, at least one of whom was a 
practical water was operator and engineer of wide mee in 


| 
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ae In November, 1915, the Engineering Board of the Division of 
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though in point of service it may be in continuous and efficient and 


such utility appraisals, submitted to the director a memorandum 
(No. 226), in which Depreciation is defined as the lessening worth of | 
physical property due to use or other causes and to be determined — 
by a consideration of observations of actual conditions of the prop- 
erty and mortality statistics of similar property in like use applied 
when practicable on the straight-line basis. 

Under date of May 4 last, Director Prouty advised the speaker 
that: 


The straight-line method of depreciation is employed by the Commission _ 
in stating the depreciation of railroad property under the Valuation Act. 


This decision is of momentous importance considering the gigantic 
work of valuating the railroads of the country. 

While admitting that state regulating bodies have all sorts of 
utilities to deal with, and that railroad property in general should be 
differently classed from water works plants, yet the significance of 
the answer given by the Director and its application to water works 
properties controlled by the state or in miniature along the railway 
lines, supplying shops and terminals, must have been understood 


That operators and accountants of water works use the sinking 
fund method, generally, can hardly be admitted or conceded. Is it 
not, as a matter of fact, the practice of prudently operated utility 
plants to lay aside out of earnings the cost of operation, including — 
maintenance; to provide for interest and perhaps sinking fund for — 
hired money; to pay in dividends a reasonable rate per cent? And _ 
any surplus is not hid under a mattress nor put into a stocking, nor 
as a rule, is it even prudently invested in a savings bank at low _ 
interest rate, but such earnings over fixed charges and operating _ 
expenses are generally spent in plant betterment. : 

At the time of valuation for rate making, capitalizing or purchase 
and sale, an accounting would naturally show that both the original 
investment and this surplus increment have been made in physical 
property, which will have visibly depreciated to an extent approxi- 
mately to be determined by experts. At such times it seems reason- _ 
able to first consider that the machine whose serviceable life is half 
gone is worth only one-half what it was when installed new, al- | 
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economical use. Such consideration means that accrued deprecia- 
tion shall be ascertained by the ratio which age bears to the total 
life—or the straight-line method. 


Certainly, engineers differ radically as to the methods which 
should be adopted in measuring depreciation and as to how it should 
be accounted. In December, 1916, the Committee on Valuation 
of Public Utilities, appointed by the American Society of Civil 
Engineers, from amongst its most distinguished and expert members 
brought in their long-looked-for report. Their labors extended over 
five years, during which time forty-eight joint meetings (some of 
them consisting of three sessions) were held, and a voluminous cor- 
-_- respondence filed. In presenting this report the Committee referred 

_ to the fact that the art of valuation was still in formative condition, 
_ evidenced by the conflicting views expressed or principles enunci- 
ated even by the higher courts. Referring to the matter of depre- 
giation, the Committee says: 

“Perhaps there is no single subject in connection with Valuation 
that has caused more trouble than Depreciation.” And after dis- 
cussing fundamental principles and illustrating methods of ac- 
“© = counting, the Committee suggests three methods of measuring 
Depreciation as follows: 
The Straight-Line Theory, 
The Compound Interest Theory, 
The Replacement Method, 
as being three of the more generally used. Summarizing, the Com- 
mittee was of the opinion that the several methods described are 
respectively more particularly applicable as follows: 

The replacement method is applicable to those short-lived proper- 
ties or parts of properties made up of a large number of items, the 
replacement or retirement of which proceeds after a time with fair 
regularity and causes no troublesome variations in return or service 


rates. 
a ; The straight-line method of accounting applies to any property 


7 A units having more than a year of service life which are assumed to 
So “4 depreciate according to the straight-line theory. 

The compound interest theory applics similarly to property units 
assumed to depreciate according to the compound interest theory. 


ENGINEERING EXPERTS lew Gtr J 
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Under either method it may be necessary to maintain a fund not 

invested in the property itself, as when the property is stationary 

or consists of only a very few large units of long life. For such 

properties, the sinking-fund method of accounting could be adopted 

if the compound interest theory is held to apply, provided it is fully be 

understood and correctly applied, but it is not recommended. So 


The great discrepancy in growth of depreciation of long-lived units, under 
the straight-line and compound interest theories, should be carefully noted 
when determining which theory to use. 


A CASE IN POINT 


To emphasize this latter point, in a recent arbitration in which 
two members of this Committee participated, the depreciation of the 
property considered as represented by the straight-line method: 
amounted to $743,159 while, according to the compound interest 
curve with four per cent allowance, $394,183 marked the accrued 
depreciation, there being a difference in. this single property of 
$348,976, notwithstanding the fact that there was no dispute over 
the items of the physical property, their condition at the time of 
valuation, their life expectancy and cost new. In this particular 
case, where the speaker represented the city, he dissented then as he 
does now from the application of the sinking-fund-method to continu- 
ously operated plants where sale and purchase are being considered 


OTHER PRECEDENTS 


That other engineers have held similar views may be inferred 
from the report on the Queen’s County Water Company’s entire 
plant useful for water works. Hon. Delos F. Wilcox, Deputy Com- 
missioner, with plant valuation $1,713,499, reported in part as 
follows: 


Depreciation has been figured on the straight-line basis on the theory that 
this particular plant has reached the stage in its development where the 
replacements required from year to year will constitute a relatively constant 
item of expenditure which should be met out of an annual allowance taken 
from earnings rather than be charged to capital account, as has been done 
heretofore. 

The controlling considerations in adopting the straight-line vation than 
the sinking-fund method in this case are, in the first place, simplicity of ac- 
counting, and in the second, the fact that the plant will never cia to rae 
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is renewed as a whole and can never be brought much above, and need never be 
permitted to fall much below, the standard of practical efficiency now main- 
tained. In other words, there is no call for the extremely complex and futile 
computations which would be necessary if we were to assume that a fund must 
be set aside for each individual unit of the plant sufficient to replace the par- 

' ticular unit when worn out or obsolete. Replacements will have to be made 


from time to time and although they will doubtless fluctuate considerably, 
perhaps even sharply, from year to year, the general average will maintain. 
This makes the use of our straight-line method of charging depreciation as 
easy as it is appropriate. 

The equal-annual-payment method of charging depreciation, which:has 
recently received considerable theoretical support, is altogether too com- 
plex to be applied to an old plant like that of the Queen’s County Water 
Company, with an irregular past development and great uncertainty in regard 
to investment details. 


While in general accord with the experience of every practical 
plant operator that the straight-line method is open to the practical 
and theoretical objection that it is not in general agreement with 
actual experience in the life history of water works structures other 
than those of very short life—its application giving considerably 
higher allowance for accrued depreciation in the early years of the 
life history of the plant than is justified by the usual actual condi- 
tion of the structures, structures generally suffering small deprecia- 
- tion and maintaining high service value during the early years of 
= installation and depreciating more rapidly during the later 
years—the straight-line depreciation allowance method can be ap- 
plied in figuring accrued depreciation upon old and well-established 
water works properties without injustice, and justice may be done 
in its application to newly organized properties, if through the 
agency of rates, it is possible to earn a depreciation allowance, so 
an without temporary injustice to the users of the service, grow- 

_ ing out of the fact that during the early formative years, incident to 
the development of the business of such new enterprises, it necessi- 
states laying aside the larger depreciation allowance resulting from 
a the application of this method; therefore, the effect of depreciation 
7 on plant value must be considered upon the general property rather 


than upon its elements. ‘Going Value,” the cost of establishing or 
- attaching the business, is one of those elements where cost is now 
generally determined along with the physical items of the —_— 
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On the several units constituting the plant, depreciation in the 
earlier years is certainly negligible, while the cost of developing the — 
business is admittedly greater, and perhaps these discrepancies may 
be best harmonized by a larger contribution from the consumer in _ 
the earlier years than would be actually justified if only physical 
depreciation was insisted upon and allowed. = © 

“Tider 
EQUITY 

Having dealt with questions of law and precedent, it now remains — 
to consider the equities upon which both law and precedent must _ 
ultimately rest. 

In the sinking-fund method of depreciation treatment it is as- 
sumed that the actual contribution by the customers through rates 
is to be set aside by the operator for the purpose of keeping the 
plant intact for the investors and to efficiently serve the public. 

To carry out mutual obligations, it is obvious that what may be 
considered annual contributions to a trust fund should be prudently _ 
and productively employed with the end in view of conserving the | 
property and performing the service at a minimum of expense. 

Where this is done, accounting, rate making, or purchase cases 
are simply disposed of, the reserve fund with its accumulations 
being audited, a proper accounting in rate or tax cases can be made, 
or the reserve can pass with the plant to the prospective purchases, 
or if retained by the utility operators, may be utilized to liquidate 
with the investors, the value being deducted from the property 
when transferred. 

When simply a matter of rates, the consumer is not especially 
concerned with what is done with his annual contribution, espe- 
cially if he is assured or assumes the rates reflect accretion, while the _ = 
investor is generally satisfied to receive his annual interest with 
the knowledge that depreciation is being compensated for through 
rates. 

Unfortunately, the management, called here the stockholder, is a 
third element in the triangle. Responsible for his own affairs and 
trustee for others, too often a selfish and short-sighted policy insists 7 
that private gain is not concerned in keeping up the property to a — 
high efficiency on the one hand, or of providing adequate service | 
at a minimum of expense on the other. Historical records are too 
full of unscrupulous dealings and high finance resulting in wrecked 
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properties and depleted service to finally terminate in enforced 
utility regulation by many states, some of which require that 
“Depreciation Account” shall be opened as a part of the operating 
expense to which shall be charged monthly, crediting to the depre- 
ciation reserve, an amount equal to one-twelfth of the estimated 
capital in the services of the utility (Wisconsin). 

With such reserve to be accounted for annually, the investor and 
the public would naturally expect and demand that it be prudently 
and productively invested, and any perversion would undoubtedly 
be checked by the state, as contrary to public policy, if not actually 
dishonest. 

Where such reserve is not required by law or created as a matter 
of sound economy by those interested in the property, it is easy to 
conceive that to pay dividends or to bolster fictitious stock or bond 
issues, improvident or dishonest operators might pervert this fund 
to their own use without protest so long as interest on loans was 
met and a fairly satisfactory service performed under a reasonably 

ACTUAL CONDITIONS _ 


But a very different condition is created when at the end of any 
contract period, the public determines to assume ownership by pur- 
chase or condemnation. Up to this time the operating company, 
called the stockholder, hiring the capital from the investor for the 
services of the consumer, is in fact the agent of those parties at inter- 
est to whom now must be rendered an accounting of his stewardship. 

Too often this settlement reveals the fact that, although collected 
for such use, no reserve or depreciation fund was ever put aside 
and that there are no accretions. To cover this admission and 
explain the deficit, an ingenious evasion is the assumption by those 
authorized to represent the management that a deduction of a hypo- 
thetical depreciation fund would entirely satisfy the demand at the 
time of the accounting. 

If we appeal to the law, we learn from Mr. Justice Moody, pre- 
siding in the celebrated Knoxville case, that true values ‘cannot be 
enhanced by a consideration of errors in management which have 
been committed in the past,”’ the decision being an estoppel of an 
attempt to create a value which should have arisen from sound 
financing, when the initiative by the management is proven to have 
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inference i is that such “ “inexper ienced appraisers’ ’ are hardly equipped 


been lacking or where the facts are fairly conclusive that this trust 
fund, instead of having been productively used by those to whom the 
reserve has been committed, had been misapplied to their own 
selfish ends, either as stock dividends or to inflated capital issues, — 
no part of which have been returned to the property. 


A somewhat analogous and familiar illustration of the working 
of these fallacious principles may be afforded by conceiving that the 
nominal owner and manager of mortgaged property had been re-— 
quired by the investor to collect from the tenant an annual sum 
sufficient to protect the building and contents from fire, but, while 
receiving from the source a sum equal to the annual risk, the man- — 
ager had misapplied these contributions to his private use instead of 
taking out an insurance policy as stipulated by the investor and 
meeting the premium that had been advanced by the tenant. 

So long as nothing happens, there is no complaint, but when the | 
crisis comes and a fire loss must be met, the now anxious investor | 
and tenant find that the property is uninsured. That the manager _ 
then insists that the full amount of the insurance should be credited _ 
in the settlement after deducting the premiums paid and the accre- 
tion that had not been earned on the reserve, would hardly satisfy  _ 
either investor or tenant, and such application of this hypothesis to _ 
water works transfer case is no more convincing to others. There- | 
fore the writer is constrained to dissent emphatically from the view- — 
point of the majority members of the Committee touching such cases. 


COMMITTEE REPORT 


In that portion of the Committee’s report dealing with “Loss 
Due to Age” the following is in part asserted: “Some appraisers 
from the desire for simplicity, or from motives of prejudice, attempt _ 
to assign fractional values on the basis of the proportional life lived _ 
to the probable assumed complete life, on a system of what is called 
‘Straight-line Depreciation.’ ’’ Again, referring to a few appraisers 
who insist upon “jumping to a hasty conclusion as to future life in 
terms of absolute percentage without much reasoning or a proper 
forecast of the causes tending to maintain or destroy values,” the 
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to make a reasonable forecast at all, and coupling those individuals 
with those who use the straight-line process, the distinction is that 
the last ‘‘is a step in advance of the first erudity.” 

Most emphatically does the speaker protest against the assertion 
that the straight-line method is only used for its simplicity, while it 
is little short of an insult to those distinguished jurists, publicists, 
accountants and engineers who have been quoted as preferring the 
straight-line method under certain conditions to impugn their mo- 
tives or for a moment suggest that they used this method of account- 
ing depreciation through motives of prejudice. 

Therefore substitution in the final report of the Committee on 
Depreciation, for the paragraphs in the section on ‘‘ Methods of 
Determining Incomplete Loss of Value,” relating to Losses Due to 
Age and Straight-Line Depreciation of the following is recommended: 


GROWING FUNCTIONAL UNFITNESS OR DECREPITUDE 


In growing functional unfitness or decrepitude all causes affecting 
longevity, life expectancy and future needs for particular machines 
7 or structures, as influenced by local conditions, should be reviewed 
as a means of determining present fractional loss of value. 

Depreciation thus considered extends over the entire life of the 
parts constituting the property, and must be measured by some 
standard. Of several criterions now in general use, the two most 
favorably regarded by recognized authorities in valuation work are 
commonly known as the “sinking-fund” and the “straight-line” 
methods. While either method may be selected, provided only 
that under the circumstances it is legal, safe and fair, the great dis- 
crepancy in the growth of depreciation of long-lived units under 
these two theories should be carefully noted when giving a preference b 
to the use of either. 

The Sinking Fund contemplates annual contributions of such 
sums as will, when prudently invested, amount with accretions at 
the end of the useful life to the original sum expended. - 

The Straight-Line theory is an assumption of payment or allow- 
ance each year of operation, of a sum equal to the total investment 
divided by the number of years of actual life or expectancy, and ~ 
gemerally expressed as a percentage of the whole; it is the direct 
apportionment on the ratio of age to life. This yardstick measuring 7 
depreciation is universally serviceable and approximately accurate 
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_ for determining loss of value of short-lived or inexpensive units of a 
public utility works and may be used with discretion under certain 
other conditions, and may apply especially to such as depreciate 
with uniformity from the beginning to the end of service lives. 

In transfers of property by condemnation or sale, where depre- 
ciation has been a factor in determining the net income representing 
a rate return, and when depreciation is one element to be considered 
in franchise tax cases and even for public accounting, the courts 
and regulating bodies have sometimes permitted or prescribed the 
straight-line method. 

In the actual operation of a public utility the use of this method is 
open to the theoretical and practical objection that it is not in sub- 
stantial accord with actual experience in the life history of units 
assembled in such works, other than those of exceptionally short 
life. Its application under such conditions gives considerably 
higher allowances for accrued depreciation in the early years than 
would be justified by the real condition of units under consideration. 
These in the main suffer only slight deterioration while maintaining 
7 high service value at first and depreciate more rapidly during the 
last of their life cycles; nevertheless, in old and well established 
properties when replacements constitute a relatively constant ex- 
penditure, the application of the straight-line principle is possible 
without doing violence to the equities and is not against public 
policy in such cases. Moreover, justice may be done to all interests 
where the straightline practice is observed for measuring the depre- 
ciation of even newly organized properties, if through the agency of 
rates an allowance to cover is permitted and earned without prej- 
udice to the users of the service. 

This is true for the reason that during the early formative years 

the development of the business requires larger proportionate con- 
tributions from customers although the physical depreciation during 
| the corresponding period is admittedly less. Now, since, the cost 
_ of establishing the business must be paid by the public some time, 
_ some place, some how, discrepancies between these two operating 


costs may thus be substantially reconciled. For actual operation, 
such allowances might be prudently invested and in this event it 
takes on the characteristics of the Sinking Fund, being in fact a 
reserve productively used. 

The Sinking Fund provision, with the use of the compound in- 
terest curve, is of especial application to rate cases, offering a con- 
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venient and reliable method of accounting, fully justified as well by 
both law and precedent. 

When the age of any part of a plant can be determined and its 
useful life agreed on, the problem becomes one of practical finance, 
modified by special influences at the time of consideration. 

With the more important items whose life expectancies cover 
considerable periods of time, precise methods of accounting are 
highly desirable, and in such cases economy demands, business pru- 
dence requires and courts have decreed that an annual increment 
shall be set aside out of earnings through the agency of rates as a 
reserve or ‘sinking fund” whose purpose is to replace no longer 
useful parts at the end of their natural lives, thus insuring continu- 
ous and efficient service while keeping original investments intact. 

To make these provisions the sinking fund method seems best in 
both theory and practice. 

For a clear conception of its functions, the familiar insurance 
policy, its purposes, its computation, its annual payments and 
every day determinations of its present worth may be cited as a 
preliminary basis for reasoning. Considered an insurance against 
loss, a correctly computed sinking fund consists of an amount an- 
nually paid into a reserve account which with its interest increment 
from year to year should serve to replace the structure or machine 
at the end of its probable useful life, and the present worth of this 
fund in some cases may be assumed to measure the loss of par value 
in such unit. 

While such a reserve fund need not always be kept as cash in 
hand, and indeed may often be more productively invested in plant 
betterment, it is part of the property being considered and where so 
found will offset to the extent of the audit any depreciation in plant 
value, but when neither present as a cash asset nor returned to the 
plant as a betterment, no legerdemain of high finance or tricks of 
bookkeeping should becloud the issue, since true values can “not be 
enhanced by a consideration of errors in management which have 
been committed in the past,” and no deduction of a hypothetical 
depreciation fund will satisfy the demand at the time of the 
accounting. 

Therefore, where a property is being appraised for transfer of 
ownership, equity seems to demand that depreciation shall be ascer- 
tained by ratio which age bears to total life applied to cost, less 
scrap value; and deferred maintenance, if any, should be added to 
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these amounts, or should be recognized and allowed for in general 
terms. 

Since depreciation is the act of lessening or bringing down price 
or value, resulting in a reduction of worth, in such cases the lessen- 
ing worth of physical property can best be determined from visual 
knowledge of actual conditions tested by mortality statistics of 
similarly cireumstanced property, applied where practicable on the 
straight-line basis. 


DISCUSSION 


Curnton 8S. Burns: The writer is pleased to acknowledge his 
appreciation of the very thorough work of the Committee on De- 
preciation as manifest by its final report. The writer sees but 
little to add to this report in the way of discussion, but takes this 
occasion to emphasize one of the points mentioned in the Com- 
mittee’s report in substantiation of its reasons for adopting the 
Sinking-Fund Method in preference to the so-called Straight-Line 
Method of depreciation. 

It seems to the writer that the principal stumbling block in the 
way of the universal acceptance of the Sinking-Fund theory of 
depreciation is perhaps the fact that the relationship between finance 
and depreciation is not always clearly understood. The fallacy in 
the straight-line theory of depreciation is that it ignores one of the 
elements of cost, namely the cost of money, and this forms a vital 
part of every business transaction. 

The determination of the physical condition of the property is 
but one step in computing its present value; those who stop there 
are content to rest with the unfinished problem. Beyond this step 
comes the problem in finance, to compute the relationship between 
physical condition as determined by age and life and the present 
value as determined by the laws of finance. A property having 50 
per cent physical condition may not have a 50 per cent financial 
value, and in fact never does, unless it is a property that can be paid 
for on the installment plan in direct proportion to its use, at the 
same price as though paid for in advance. This is a fundamental 
principle of finance, but appears to be a stumbling block sufficient 
to baffle the advocate of the straight-line theory of depreciation. 
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ae If pumps, engines and other property could be purchased at 
% their cash price, and paid for annually in proportion to their use, 
then the straight-line theory of depreciation would be correct; but 
for all property that must be paid for cash in advance, or its equiva- 
lent, physical condition does not measure present value, but bears 
a certain relationship thereto, that can be computed by applying 
the necessary financial factor to complete the problem. 
Now, to make this point more apparent, suppose that in the 
appraisal of a water works property that it be found that the pumps, 
engines, pipes, buildings and other physical structures are one-half 
worn out, that is to say, their physical life of service is half expired 
at the time of appraisal, and suppose that among the items of prop- 
erty there be found a life insurance annuity likewise one-half paid 
out, that is to say, its physical useful life is half expired. Now 
every one familiar with problems of finance would immediately 
turn to his annuity tables, in order to compute the present value 
of this life insurance annuity. For example, if it were an annuity 
_ having forty years to run, bearing 4 per cent, and it were not half 


re = paid out, or in other words twenty years of its life were expired, 


ihn - it would be found from the annuity tables that the present value of 


this policy is 69 per cent of its face value, that is to say it is only 
31 per cent depreciated. 

Now suppose the next item of property were a pump having a 
life of forty years, twenty years of which had expired, can there 
be any possible reason to urge that a different formula should be 
applied to determine the value of this pump from what has just 
been applied to determine the value of the life insurance annuity? 

Both are items of property and the relationship between physical 
- condition and financial value is in both cases the same, the only 
- difference being that in the case of the insurance annuity the rate 
of interest and the total life were both definitely predetermined, 
while in the case of the pump the length of useful life and the proper 
rate of interest to apply are left to the discretion of the appraiser. 
If those who have difficulty in understanding the fundamental 
principles and the justice of the Sinking-Fund Method of comput- 
ing depreciation will keep clearly in mind the fundamental relation- 
ship between finance and depreciation as demonstrated in the ex- 
ample given above, of the life insurance annuity, all of their doubts 
and misunderstandings will immediately be removed, leaving noth- 
ing in the way of the universal adoption of the Sinking-Fund Method. 
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W. E. Miuter: The attitude of the Railroad Commission of Wis- 
consin (which is a public utility as well as a railroad commission) © 
toward depreciation and the manner of providing for it is likely to 
be entirely misunderstood from a broad general statement and 
foot-note contained in the minority report from a member of the 
Association’s Committee on Depreciation. It is there stated: 
“As a factor in accounting some of the most advanced regulating 
bodies, for instance, the State of Wisconsin, have in most instances © 
applied the straight line plan.’”’ The author of the minority report 
cites “Regulation of Railroads and Public Utilities in Wisconsin,”’ 
by Fred L. Holmes, as authority for this statement. 

Halford Erickson, a former chairman of the Wisconsin com- 
mission, and the man who served longer as a member of it than any 
other and who had most to do with the commission’s studies and 
determinations of property value and depreciation, presented a 
paper on the subject of Depreciation before the convention of the 
Central Water Works Association at Detroit, Michigan, September 
25, 1912. The subject was therein discussed at considerable length. 
That the views therein stated represent those of the commission 
may easily be demonstrated by reference to their numerous decisions 
wherein special attention is given to depreciation. 

In the above mentioned paper the author admits that ‘the straight 
line method is much more simple and direct than any of the other 
methods. It is advocated by the Interstate Commerce Com- 
mission, and for certain purposes also by the Wisconsin and other 
state commissions.” This statement was made about five years 
after public utility regulation was inaugurated in Wisconsin. It is 
to be taken in connection with the fact that much more use was 
made of and more weight was given to the straight line method by 
that commission during the first five years than during later years. 
Note that Mr. Erickson admits the use of the straight line method 
by the Wisconsin commission only for certain purposes. Even dur- 
ing the first five years of its public utility work that commission 
did not make general use of it. 

The Wisconsin commission has relied very largely upon its engin- 
eering staff for determinations of values of physical property of 
utilities, yet the staff’s estimates were always “tentative” and 
subject to whatever corrections the commission might find to be 
warranted in view of evidence submitted by interested parties 
during public hearings. It can be positively asserted that in almost 
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every case the staff’s estimates, both as to reproduction cost new 
and accrued depreciation of utility properties, have been substan- 
tially accepted by the commission after hearing such objections 
and criticism of them as were offered. It can also be asserted with 
equal assurance that the staff’s estimates on accrued depreciation 
have in practically all cases been on the sinking fund basis. The 
adoption of this basis assumes that the depreciation of property is 
fairly well measured by the state of the fund built up throughout 
the life of the property, as estimated, and that such funds earn and 
are credited with interest at an easily obtainable rate, all designed 
to equal the original investment at the end of the life of the property. 

The Wisconsin public utilities law expressly provides that every 
public utility shall establish a depreciation reserve and that the 
earnings of the depreciation funds shall be credited to them. (Wis- 
consin Statutes, Sec. 1797m-5). This in itself may be considered as 
a legislative recognition of the soundness of the sinking fund method 
of providing for such part of the cost of furnishing service. 

Both the straight line and the sinking fund methods call for a uni- 
form annual appropriation to the depreciation reserve, out of earnings, 
for a constant property value. The increasing rapidity of accumu- 
lation of that fund by the latter method is due to the addition and 
compounding of interest earnings. 

In discussions of the methods of providing for depreciation appar- 
ently but little has been said concerning the proper treatment to be 
accorded to the interest earnings of the depreciation funds by the 
advocates of the straight line theory. Certainly these funds cannot 
reasonably be expected to be idle. The most logical place for the 
obtainable earnings of such fund is the fund itself. 

In the case of a sale of depreciated property and the retention of 
the depreciation reserve funds by the seller, the buyer would be 
under the necessity of making materially increased annual approp- 
riations out of gross earnings to provide for depreciation, since he 
would be deprived of the interest earnings of the funds accumulated 
for that purpose previous to the transfer of ownership. In such 
case the application of the sinking fund method of estimating accrued 
depreciation, in the same manner as would be done in a valuation 
made for some other purpose, might be rather inequitable. 

To show the effect of the separation of a depreciation reserve 
fund from the property in such a case as that alluded to above, let 
it be assumed: (1), that a’ plant having an estimated composite 
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life of 50 years is to be sold when it is 20 years old; (2), that there — 

is no material difference between the actual original cost and the — 
estimated reproduction cost new of the physical property; (3), — 


that an approximately correct depreciation fund has been built up _ 


from the beginning of operation on the sinking fund basis, with 
interest earnings at 4 per cent. The annual charge for depreciation 
for each dollar of investment in depreciable property is 


(1.04) —1 6.104 


The amount of the depreciation fund, per dollar of investment, 
in 20 years, when the transfer takes place, is, 


So far as the remaining or present value is measured by the result 
of deducting the depreciation reserve from original cost or cost new, 
the remaining value for each dollar of original investment in depre- 
ciable property is $1.00 —$0.1951 =$0.8049 on the 4 per cent sink- 
ing fund basis as against $0.60 on the straight line basis. If the 
fund does not remain with the property after the transfer, the latter 
amount is to be amortized in thirty years without the help of the 
compounding interest on the previous accumulations. By proper 
computations it will be found that in order to do this the annual 
charge against gross income, on account of depreciation, will be © 
increased from $0.00655 to $0.014356 per dollar of original cost new. 
This is an increase of 129 per cent for this particular case. This 
consideration of this assumed case is purely mathematical. It is 
far from the writer’s intent to imply that valuations of property 
including determination of depreciation, are merely matters of 
mathematics. What the Association’s committee on depreciation 
has said on the need for wide experience and good judgment in the 
appraiser of property is fully appreciated and heartily approved. 

In conclusion, and in respect of the original writer’s purpose—to | 
correct a possibly false impression as to the methods and practices 
of the Wisconsin commission concerning treatment of depreciation— 
it may be firmly asserted that although that commission has here- 
tofore followed the so-called straight line method in certain cases 
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sinking fund method, especially during the more recent years. 
This could be demonstrated by a perusal of its published decisions. 
These statements are made on the basis of the writer’s connection 
with that commission throughout its public utility work to date. 

A few citations of and extracts from decisions by the commission 
may be of sufficient importance to warrant their presentation here, 
but a few only will be given. 


A proper depreciation reserve is required of all utilities. A distinction, 

however, should be drawn between a depreciation reserve, which is required, 

and a depreciation reserve fund, which is optional. The fund is created by 

actually setting aside cash or other assets out of which future payments are 

_ to be made. A reserve is merely an account which designates the amount 

and character of certain transactions within the business. (In re Application 
Fennimore Mun. W. & Lt. Plant, 1913, 12 W. R. C. R. 194, 209.) 

It is not usually necessary for any utility to keep the off-setting assets to 
care for depreciation requirements in actual cash on hand. The assets for 
this purpose may be represented in plant, in current assets such as cash, or in 
a combination of the two. (In re Appl. City of Sparta, 1913, 12 W. R.C. R. 
532, 540.) 

Amount of annual charge. An estimate of the proper amount yearly to be 
contributed to the depreciation reserve must take into consideration the life 
of each separate unit of equipment, its value, the interest that the reserve 

will earn before it is used to pay for replacements, and the amount that will 


: be realized for scrap value when it is discarded. (In re Men. & Mar. Lt. & 


Tr. Co., 1909, 3 R. C. 778, 846; Hill et al. v Antigo Water Co., 1909, 3 R. C. 
623, 643; State Journal Prtg. Co. et al. v Madison Gas & El. Co., 1910, 4R. C. 
501, 599; Lamb v. Eastern Wis, Ry. & Lt. Co., 1911, 6 R. C. 473, 485; King et 
al. v. Wis. Tel. Co., 1912, 10 R. C. 517, 521; In re Invest. Ashland W. Co., 1914, 
; 14R. C. 1, 45, 46; Jones et al. v. Berlin Public Service Co., 1914, 15 R. C. 121, 
129.) 
Amount of flat annual charge in case the depreciation fund earns interest. 
In case the depreciation fund can be made to earn a fair rate of interest, the 
amount of the flat annual charge can be decreased in proportion to the amount 
of the earnings on the depreciation funds. (In re Badger Tel. Co., 1908, 3 
R. C. 98, 99, 101; City of Ashland v. Ashland Water Co., 1909, 4 R. C. 273, 
279-281 ; State Journal Prtg. Co. et a.l v. Madison Gas & El. Co., 1910,4R.C. 
501, 611-612.) 
Determination of annual charge and composite life. The average life and 
_ the annual amounts required to make up the depreciable plant values, are 
estimated on two bases—the so-called compound interest curve or ‘‘sinking 
- fund” basis and the straight line basis. (State Journal Prtg. Co. et al. v. 
Madison Gas & El. Co., 1910, 4 R. C. 501, 604; In re Appl. Ft. Atkinson W. & 
Lt. Comm., 1913, 12 R. C. 260, 285.) 


| a - and for certain purposes, it has much more generally applied the 4 
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Determination of annual charge—Basis of charge. The property value upon 
which the depreciation allowance must be based, or, more properly speaking, 
the amount which the estimated yearly reserve should in the end equal in a 
period of years approximating the average life of the plant, is the cost new 
of the depreciable ‘property. (State Journal Prtg. Co., et al. v. Madison 
Gas & El. Co., 1910, 4 R. C. 501, 601.) 

Difference between two methods with respect to practical application. Where 
the life of a utility is comparatively short and where advances in the art are 
numerous as in the case of an electric plant it would seem that the sinking 
fund method of determining depreciation would be more or less impracticable 
and difficult of application. On the other hand it would seem that the sink- 
ing fund method is to be recommended in the case of water utilities, as more 


exactly corresponding to the actual experience of such plants and as more — 


economical and satisfactory in the long run. (In re Fond du Lac Water Co., 
1915, 5 R. C. 482, 503.) 


The practicability of obtaining interest at an average rate of as much as © 
4 per cent on funds which are frequently drawn upon and added to is of suffi- 


cient doubt to lead to the assumption and use of a more conservative rate. 
The amounts set aside annually for depreciation must increase with the mag- 


nitude of the depreciable property, although perhaps not in exactly direct — 


proportions. (In re Invest. Ashland Water Co., 1914, 14 R. C. 1, 46.) 

Under the sinking fund method. Under the sinking fund method for deter- 
mining depreciation it is assumed that the amount set aside annually should 
be invested at compound interest, and that the amount so set aside, plus the 
interest, will be sufficient to cover the replacement at the end of the life of 
the property. (Hill et al. v. Antigo Water Co., 1909, 3 R. C. 623, 643; State 
Journal Prtg. Co. et al. v. Madison Gas & El. Co., 1910, 4 R. C. 501, 604; City 
of Ripon v. Ripon Lt. & W. Co., 1910, 5 R. C. 1, 20; In re Fond du Lae Water 
Co., 1910, 5 R. C. 482, 503; City of Racine v. Racine Gas Lt. Co., 1911, 6 R. C. 
228, 296; Schicker v. Rockford & I. R. Co., 1911, 6 R. C. 695, 709.) 


It does not seem fair to allow a continuously operating property an ex- | 


pense for financing depreciation on a straight line basis. A large company 
with a number of joint utilities and subsidiary properties under its control 
and with numerous opportunities for commercial investment, can readily 
invest any offsetting assets of the depreciation reserve liabilities at an aver- 
age of 4 per cent return or better. (In re Service of T. M. E.R. & L. Co. in 
Milw., 1913, 13 R. C. 178, 227-228.) 

Differences between straight line method and sinking fund method of deter- 
mining depreciation. Under the straight line method of determining depre- 
ciation, the drop in value is the same each year during the entire life of the 
unit. Under the sinking fund method the drop is light at first, while the 
amount set aside is small but the drop in value increases as this amount grows 


larger, and toward the end of the life period it rises quite rapidly. Forshort — 


life units the difference between the two methods is probably not very mate- 


rial. For long life units, on the other hand, the difference may be of impor- 


tance. (Hill et al. v. Antigo Water Co., 1909, 3 R. C. 623, 643-644.) 
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DISCUSSION 
Necessity for reserve charges. To ward against depreciation not covered 

by current repairs a depreciation reserve must be carried on the books of the 

company. Wis. Statutes sec. 1797m-15. Another reason why this reserve is 

so indispensable is that it equalizes depreciation charges. (Knapp et al. v. 

_ Matteson Tel. Co., 1912, 11 R. C. 180, 192; In re Appl. Merrill Ry. & Ltg. Co., 

1907, 2 R. C. 148, 154; In re Invest. Mosinee El. Lt. & P. Co., 1914, 13 R. C. 

- 712, 714; In re Invest. Ashland Water Co., 1914, 14 R. C. 1, 45.) 

Purpose of reserve. The aim of the establishment of a depreciation re- 
serve, in short, is to keep the original investment intact. (In re Appl. 
Cumberland Mun. El. Ltg. Plant, 1909, 4 R. C. 214, 217; City of Whitewater 
v. Whitewater El. Lt. Co., 1910, 6 R. C. 132, 135; In re Appl. Columbus W. & 
Lt. Comm., 1913, 11 R. C. 449, 456; In re Appl. Fennimore Mun. W. & Lt. 
Plant, 1913, 12 R. C. 194, 209.) 

Total renewals should amount to total depreciation in long run. In the long 
run the total renewals should amount to as much as the total depreciation, 
but for any given period there may be wide differences between them. (State 
Journal Prtg. Co., et al. v. Madison Gas & El. Co., 1910, 4 R. C. 501, 560.) 
_ In general. It is probable that the fairest representation of the course of 

- depreciation is the sinking fund curve. Whether a 4 per cent, 3 per cent or 

_ other curve is the closest to a fair and reasonable rate depends largely upon 

_ other factors, which can perhaps be closely ascertained only by careful inves- 

_ tigations and clear knowledge of the surrounding conditions. (City of Beloit 

_v. Beloit W. G. & El. Co., 1911, 7 R. C. 187, 236.) 

As the rate of depreciation depends on the useful life of the property, it 
can readily be determined when this life and cost of the property are known. 
(State Journal Prtg. Co. et al. v. Madison Gas & El. Co., 1910, 4 R. C. 501, 
559.) 


The commission’s “ Uniform Classification of Accounts for Water 
Utilities’? contains the following: 


Depreciation reserve. To this account shall be credited monthly, or as 
they are made, all charges to the Depreciation Account (hereinbefore de- 
scribed), the income from the investment of any money or from any security 
belonging to the Depreciation Reserve, and any other appropriations which 
may have been made to it. 

When through wear and tear in service, casualty, inadequacy, supersession 
or obsolescence, any building, structure, facility or unit of equipment origi- 
nally charged to capital is no longer economically reparable, and in order to 
keep the productive capacity of the plant up to its original or equivalent 
state of efficiency it is necessary to make a complete replacement of such 
building, structure or unit or equipment, the money cost of the original unit 
replaced and charged to capital (estimated if not known, and if estimated, 
the basis thereof shall be shown in the record entry) shall be charged to the 
Depreciation Reserve, and the excess cost of the substituted unit over such 
original unit shall be charged to the appropriate capital account. 
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When any building, structure, facility or unit of equipment originally 
charged to capital is retired from service and not replaced by any other unit 
of similar nature or equivalent thereto, the original money cost thereof (esti- 
mated if not known, and if estimated the basis thereof shall be shown in the 
record entry) shall be charged to this account and such amount originally 
entered or contained in the charges to capital in respect to such unit so being - 
retired shall be credited to the capital account to which it was originally — 
charged, and any adjustments necessary made through the Surplus Account. 

The salvage or scrap value of any unit of equipment retired from service or 
replaced by any other unit will be credited to this account. 

An analysis of the charges and credits to this reserve will be called for in 


the annual report to the Railroad Commission. 


From all of the foregoing it can scarcely appear that the Wisconsin 
commission has neglected the effect of attainable earnings of the : 
depreciation reserve or that it has inclined very strongly toward 
the straight line basis of estimating depreciation. 

LEONARD Metca.LF: The writer is exceedingly glad that W. E. 

Miller, chief engineer of the Wisconsin Railroad Commission, has _ 
submitted to the American Water Works Association, through its — a 
JOURNAL, an authoritative statement concerning the practice of the © 
Wisconsin Railroad Commission in determining and accounting 
depreciation of public utility properties, correcting the false impres- __ 
sion concerning the attitude of this Commission upon this question, _ 
which would be gained by reading the minority committee’s report. _ 

In the interest of preventing further errors in assumption, the 
writer calls the attention of members of the Association to other 
fallacies contained in this report which were called to the attention _ 
of the author of this report before its publication, but which were © 
probably overlooked under the pressure of more important obliga- 
tions. 

The comment of the minority report upon the practice of various 
commissions and the rulings of certain courts is unfortunate, as it 
fails to recognize the very important fact that the practice in ac- 
counting the depreciation of railroad and other like properties, has 
no significance with reference to water works properties. The _ ; 
discussion fails utterly to bring home to the reader the essential _ 
difference in treatment necessary with respect to long-lived property 
as compared with short-lived property. Moreover, a simple cita- 
tion of the attitude of different State commissions, some of which 


: 
* 


have had little or nothing to do with water works properties, asa 
matter of significance, without discrimination or comment upon the 
real significance and importance of the final conclusions of a man 
like Halford Erickson, formerly of the Wisconsin State Commis- 
sion, is most unfortunate. It is of no significance to be told that 

the Public Service Commission in a certain State uses the straight 

line depreciation method when its rulings have been limited to the 
properties of railroads. 

On the other hand, it is of great significance that as a result of 
diversity of experience, sifting of evidence and sound analysis, a man 
like Mr. Erickson finally concludes, as stated by him in an address 

n “Depreciation and its Relation to Fair Value’ delivered before 
the Conference of City Mayors and others interested in public 
utility control, held in Philadelphia in November, 1915: 


Much has been said about the relative merits of the straight line and sink- 
ing fund methods of providing for depreciation. Without going into details 
in this matter it can be said that the sinking fund method implies a more 
efficient use of the reserves. It also seems that, because of such use, the 
amount the customers will have to contribute to cover depreciation is less 
under the straight line method. The inference that can be drawn from these 
facts is that the sinking fund method is the most economical and hence would also 
seem to be the best of the two methods from the point of view of public interest. 

In this connection it may be in place to repeat in substance something that 
has already been said. All virile and live enterprises are constantly in need 
of readily available funds for various more or less temporary uses. The 
ability to quickly obtain such funds often stands for material savings in more 
respects than one. For these and other reasons it may not be in line with 
the best policy to place too many restrictions upon the balance in the depre-— 
ciation reserve. 


And it is of further significance that he and his associates upon the 
Wisconsin Railroad Commission should long have discriminated 
clearly between the effect of long and short life and character of 
property upon the necessary and fair allowance for depreciation. 

Important, too, is the fact that the minority report does not 
recognize the lessons taught by the application of the several theories 
of depreciation to long-lived properties, the historic records of 
which have been fairly established. These seem to show clearly i in 
their record of abandoned property and condition of existing prop-— 
erty the gross unfairness of determining accrued depreciation by 
means of the straight line formula, particularly as applied to water 
works properties by its advocates. 
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And finally, the minority report fails to recognize the equities of 
the situation so judicially set forth by Hon. H. M. Wright, Stand- 
ing Master in Chancery of the United States District Court of the 


Northern District of California, in his decision on the Spring Valley | 


Water case in 1917: 


In other words, the plaintiff’s capital must, on —--———’s estimates, by 
a change from the replacement method of cost-accounting, suffer a deduction 
of at least three and one-half millions, which the public ought to have paid 
in the past but did not. Shall that cost be increased to nearly eight millions 
merely by a choice of a theoretical mathematical method of amortization? 


7 


As I said in the report in the Contra Costa case, if I were to decide the question — 
of present depreciated value by reference merely to formulas of amortization, I — 
should on grounds of obvious justice, adopt the method which involves the lesser — 
deduction from capital made on the ground of an assumed but fictitious payment 
in the past. This case only strengthens the convictions I have previously arrived 


at, that the straight-line method is entirely unsuitable as a basis of valuation of 
properties of long life. 


In conclusion, the writer takes the liberty of calling to the attention © 
of those interested in this subject a professional paper upon “‘Prac- — 


tical Checks upon Water Works Depreciation Estimates’ recently 


submitted by him to and which will shortly appear in the Proceedings — 
of the American Society of Civil Engineers. In it will be found cer- 


tain historic records of water works depreciation and a more detailed 
discussion upon the practical aspects of this subject, together with 


the reason for the need of discrimination in the choice of deprecia- __ 
tion determination methods, as an aid to sound judgment based __ 


upon experience, which must in the last analysis be the final 
arbiter. 


_ Joun W. Huw: In this discussion of the Committee Report on 


Depreciation it will be understood that it applies to depreciation — 


of water works and other public utility properties. 

Depreciation, as at date of valuation, is the reduction in worth 
of any structure, machine or property, constituting part of a public 
utility, and the difficulty has been, and still continues, in arriving 
at the true reduced values ‘of property subject to ordinary wear and 
tear, varying working conditions, natural improvement in the art 
and the destructive influence of time. 

All structures and property, real estate excepted, come under this 
rule, and experience in building, operating, and examining water 
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of the life of structures is based. But two or more engineers of 
equal experience and knowledge, may honestly differ on the useful 
: _ life of physical details, and will accordingly hold different opinions 
- on their depreciated values. It does not seem to the writer that 
_— fixed standards can ever be established for the life of the elements of 

a public utility, although something approaching this is necessary 

4 - if ‘‘valuers” are to come to reasonable agreement in determining 
depreciation and present worth. 
Taking as an example steam pumping engines and neglecting 
a _ obsolescence in due time, there is an uncertain range of life to such 
machinery due to a combination of causes; a good engine on a poor 
foundation will probably have a shorter useful life and larger depre- 
ciation at the date of valuation than a poor engine on a good foun- 
ss dation, but supposing both the engine and foundation to be good 
then the management and daily care will have an influence to 
shorten or lengthen the useful life of the machine. The writer has 
seen this so often, in connection with water works pumping engines, 
; that no fixed life can be assigned to apply universally to any kind 
_ of pumping machinery, and in such case, no matter by what method 
7 . depreciation is figured, it is liable to be in error unless the valuer 
has had long experience with the particular type of pumping engine 
that he is dealing with in the valuation. A good prediction is the 
a useful life under the conditions which he finds upon viewing the 
property. Some of the Simpson compound pumping engines in 
the East London Water Works have given satisfactory performance 
through more than fifty years. Other high class pumping engines, 
within the writer’s experience, have become decidedly ram-shackle 
and not worth general repair in half that length of time. 

The same may be said of steam boilers. The writer has known 
_of shell boilers being in satisfactory service for over thirty-five years, 
but it is doubtful if anyone in determining the depreciation of boil- 
ers, would take this length of life as the probable useful life of boilers 
service today. 

Concerning the majority and minority reports of the Committee 
on Depreciation, there seems to be only a difference as to whether 
the “sinking fund theory” with interest compounded, or the “straight 
line theory,” which assumes a uniform rate percentage depreciation 
for the assumed life of the property, shall apply to all of the property 


of the utility. 
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: ‘The sinking fund method is readily figured from the interest 
tables of the life insurance companies, and has frequently been used 
at a probable rate of interest (compounded) for the assumed life of 
the property. 

The writer has used upon a number of occasions in valuing water _ 
works properties, the sinking fund theory for present worth or depre- 
ciation, which supposes that a certain sum set aside annually at the — 
rate of interest probably adapted to the time the fund is torun, _ 
i.e., the life of the property under consideration, with interest com- | 
pounded, will at the end of that life represent the original cost of — 
the property. But the method has seemed to him at times to be 
more or less “academic,” and liable to error on the wrong side by © 
reason of the small annual increments to the sinking fund, and the © 
chances of unexpected wear and tear, accidents and obsolescence 
to structures well within their supposed or real useful life. 

The straight line theory, when compared with the sinking fund 
theory, will show a larger accumulation in the sinking fund or a 
larger depreciation of value of the property, at any given date of 
valuation short of the assumed life. 

When engineers cannot agree, and the courts cannot agree, on a 
uniform method of figuring depreciation or present worth of public 
utilities property, it is evident that the wees is profound, and its | 
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commissioner, auditor, appraiser, or in many of 

public utilities, either for purchase, fixing values of property for — 

bond issues, or for rate making, and at no time has he felt that he 

so thoroughly understood the subject of depreciation as to be abso- © 

lutely secure in his conclusion. 
Depreciation, whether figured upon the sinking fund theory or | 

upon the straight line theory, will depend for its accuracy upon the ~ 

assumed useful life of the structure or property. If the life assumed — 

be too long, the payments by either method of calculation will be 

too small, and if the life be figured too short, then the payments 

and depreciation as at the date of valuation will be too large, so 

that, entirely aside from the method of figuring depreciation, it is 

necessary, if this is to be reasonably exact, that a correct estimate 7 

of the useful life of structures or property should first be made and 

agreed upon if possible. 
The accompanying table has been compiled from figure 1 of the =| a 

majority report, and from calculations of depreciation by the straight 


= 
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line method for a probable useful life ten to sixty years by ten year 
Percentage depreciation — 
S. F. = Sinking fund; interest rate 4 per cent compounded. S. L. = Straight 
line 


USEFUL LIFE ASSUMED 


30 years 


8.F. | 8. L. 


21} 33 
54 | 66 
100 | 100 


This shows that the larger percentage payments or amounts will 
be charged off for depreciation by the straight line theory. It is 
obvious from the comparative table that the payments or reductions 
of value of structures by the straight line theory will produce con- 
siderably more than 100 per cent of the cost price of the property 
or structure at the end of its assumed useful life, if the payments — 
be invested and interest compounded. 

It seems to the writer that this of itself should set aside the straight — 
line theory, except as mentioned in both the majority and minority 
reports for short lived low cost structures or property, where the 
difference in the accumulated payments will not vary materially 
at any date of valuation short of the useful life. : 

In principle, if the straight line theory is wrong in the case of high 
cost long lived units, it is also wrong for low cost short lived units, | 
although the difference in the depreciation as figured will be less — 
apparent with the latter. 

A general scheme of useful life for pumping machinery, boilers, 
water meters, stand pipes, reservoirs, distributing systems and 
appurtenances, etc., is a dangerous proposition, because it will not 
fit these various elements in all or in many instances, due to the 
many causes operating to lengthen or shorten the useful life of details. : 


woo 
10 years | 20years | Mm | 40years | SOyears | 60 years 
8. F. | SF. 8. L. — S.F.| S.L.| 8. 
years 
100 | 100 | 40} 50 12} 25| 8] 2] 5] 17 
20 100 | 100 31] 50| 20] 40} 13] 33 
. 60 | 75| 37] 50 
40 00; 100} 62! 80} 40] 67 
100 | 64| 83 
100 | 100 

f 
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If a theory of depreciation starts with the assumption that annual sy 
payments to a sinking fund invested at an assumed rate of interest 
compounded for the time the fund runs, shall recover the original = 
cost and no more, then the life insurance or sinking fund theory is . 
the only one that will produce this result. If, however, one starts __ ¥ 
on the theory that contingencies in the way of accidents, obso-— 
lescence, and non-continued use should be provided for, then this _ 
will require either an assumption of a life shorter than the probable 
useful life, or calculation of present worth by some other than the 
ginking fund theory. 


v7 The whole problem is exceedingly complicated and after reading 
- every report, paper or discussion upon the subject which has been 
available for twenty-five years, and having served as an appraiser — 


or expert for more than twenty valuation investigations, the writer _ 
still sees great difficulty in harmonizing the diverse views on the 
present worth of structures and properties entering into public and 
other utilities. ; 
- On long life costly property the straight line method of deprecia- __ 
tion is not only unjust to the consumer, but is unjust to the owner 
of the property for the purpose of sale. If a price is desired for the © 
transfer of a public utility to a municipal corporation, and deprecia- — 
tion was generally figured on the straight line basis, it would mate- 
rially lower the price to the prejudice of the owner. 
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a The Section held a meeting at the McAlpin Hotel on October 
16, 1918, at which the attendance was 47. The chairman of the 
Section, W. W. Brush, presided. An explanation of a leak which 
developed in one of the shafts of the Manhattan tunnel of the Cat- 
skill water supply system was given by J. Waldo Smith and the 
presiding officer, and a description of the method of checking the 
waste of water in Buffalo was given by E. D. Case. Models of 
various structures on the Catskill aqueduct were exhibited by the 
Board of Water Supply. 

The Section held a meeting at the McAlpin Hotel on December 
20, 1918, at which the attendance was 85. Papers on water meter 
practice were read by D. W. French and Wm. R. Edwards. The 
meeting adjourned at 3 o’clock and visits were then made to the 
plants of the Neptune Meter Company, Thomson Meter Company 
and National Meter Company. 


Charles W. Graff, Superintendent of Filtration, York, er 
sylvania. 
Ray K. Holland, Civil Engineer, Ann Arbor, Michigan. 
Lawrence C. Hough, Civil Engineer, 25 Elm Street, New Y 
City. 
S. Willard Jacobs, San. Eng., 18 E. 41st St., New York. 
J. D. Kinnett, Chairman Water Board, Rasen, Georgia. 
Taylor Kussmaul, Supt. Water & Light, Newark, Ohio. = ar 
_ Reeves J. Newsom, Water Commissioner, Lynn, Massachusetts. 
Antonio Paitovi, Civil Engineer, Buenos Aires, Argentina. 
..§ Lewis A. Quigley, Superintendent Water Works, Lawrence, Kansas. 
Clarence Eugene Ridley, City Engineer, Port Arthur, Texas. 
= Junichi Sawai, Engineer Water Department, Osaka, Japan. 
J. Smalshaf, U. Public Health Service, Columbus, Georgia. 
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Joseph A. Vertefeuille, Assistant Engineer, Richmond Hill, New 
York. 
Corporale, City Water & Lighting Dept., Lincoln, Neb. 


Associate 
Charles W. Larner, Widener Building, Philadelphia, Pennsylvania. 


DEATHS 7 


W. L. Cameron, Honorary Member; elected member, March 29) _ 
1881; died November 13, 1918. Pei 
Capt. Granville R. Jones, elected Member, May 12, 1908; died = 
December 22, 1918. 
Major Bernard Matthew, elected Member Nov. 24,1919; died 7 
June 15, 1918. 


ADDITIONS TO ROLL OF HONOR 


East Alton, Illinois. 
Brower, Irvine C. Major Quartermaster Corps, Construction 
Division, Washington, D. C. 
DoNNELLEY, RICHARD, Ist Lieut. E. R. C. 
* Jones, GRANVILLE R. ,Captain Sanitary Corps, Camp Bennin 
Columbia, Georgia. 
McMang, Ws. I., First Lieutenant, Quartmaster Corps, Main- 
tenance and Repair Branch, Washington, D. C. 
Pruett, G. C., Captain, Corps of Engineers, Fort Keough, Montana. 
Regs, 8. P., First Lieutenant, Quartermaster Corps, Camp Jackson, — 
Columbia, South Carolina. a. 
Roserts, I., Second Lieutenant, Sanitary Corps, A.E.F. 
THORNELL, JosEPH B., Med. Corps, Camp Gordon, Ga. oar 
WaaGner, BernarD Mattuew, Major, U. S. R. C. 
Witson, Epa@ar K., Captain 555th Engineers, Camp Humphreys, — 
Virginia. 4 


ADDITIONS TO JUNIOR ROLL OF HONOR uy 
Lreopotp, F. O. (son F. B. Leopold), Water Purification Section, - 
Company F, 26th Engineers, A. E. F. 
= 


* Died in camp. 
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